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ABSTRACT

Based on the scientific literature, continuous liquid-liquid
extraction (CLLE) and closed loop stripping analysis (CLSA) were
chosen for development and evaluation as the most appropriate
extraction and concentration procedures for broad spectrum
analysis of synthetic organic chemicals (SOCs) in natural waters.

These procedures complemented each other better than any other
combination of methods available.

A set of 16 SOC standards was selected which would be
representative of the wide range of SOCs which are encountered as
pollutants in natural waters. Method optimization experiments
were carried out by determining the percent recoveries of these
representative SOCs under a variety of analytical conditions.
Using the optimized analytical conditions, the CLLE and CLSA
procedures were applied to natural waters so that water matrix
effects could be studied and broad spectrum SOC analysis,
identification, and quantification performed.

A final evaluation of the developed methods was carried out
by comparing results from four water samples, which were analyzed
by the CLLE and CLSA methods, to results obtained at a qualified
laboratory using the currently recommended EPA methods. The
developed methods were found to be powerful for the analysis of a
broad range of SOCs in natural waters. The CLLE/CLSA combination
of procedures was applicable to a wider range of SOCs and had
greater sensitivity than currently recommended EPA methods.
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SUMMARY

Analyses of synthetic organic chemicals (SOCs) in source and
drinking waters at the part per billion (ppb) and part per
trillion (ppt) levels demands the use of sensitive and accurate
analytical techniques. To cope with monitoring those chemicals
with established maximum contaminant levels (MCLs) and to survey
water samples for other SOCs that may be present, broad spectrum
methods of analysis are employed. These methods should have the
ability to detect the target SOCs at the required level, as well
as to be able to reasonably detect a variety of other non-
targeted synthetic organic chemicals that may be present.

This research evaluated the suitability of selected
analytical techniques for broad spectrum analysis of synthetic

organic chemicals in source and finished drinking waters. The
objectives were five-fold:

1. To review the scientific literature and select
appropriate analytical procedures(s).

2. To select representative SOCs to develop, evaluate, and
optimize the chosen analytical procedure(s).

3. To develop, evaluate, and optimize the selected
analytical procedure(s), using "clean" laboratory
solutions and "natural" water matrices.

4. To apply the procedure(s) to broad spectrum analy51s of
SOCs in source and finished drinking waters.

5. To compare the selected procedure(s) to EPA's broad

spectrum methods in terms of specificity and
sensitivity.

Based on the literature, Reverse Osmosis/Membrane
Filtration/Dialysis, Tenax-GC Adsorption/Thermal Desorption, XaD
Adsorption/Solvent Elution, Ligquid-Liquid Solvent Extraction,
Bellar Purge and Trap, and Grob Closed Loop Stripping Analysis
were considered as possible analytical techniques for evaluation.
The two methods selected for evaluation were Closed Loop
Stripping Analysis (CLSA) and Continuous Liquid-Liquid Extraction
(CLLE) with methylene chloride as the solvent, followed by
Kuderna-Danish concentration. CLSA is an excellent method for
the analysis of volatile, non-polar synthetic organic chemicals.
This method is complemented by CLLE, which is suitable for the
analysis of non-volatile, moderately polar agqueous organic
chemicals. These two methods can provide a powerful combination
for the analysis of a broad spectrum of aqueous synthetic
chemicals. CLSA and CLLE were the methods selected for removing
and concentrating the SOCs from aqueous samples; both these

Xxii




TT1X

‘ssusTix ‘susnioil ‘seueylswoTeyYTIL butpnioutr ‘spos Fo soussaad
9U3} P3TES9ADI I33eM DUTHUTIP PaYSTUTI oyl JO sTsATeue oTuebIQ
‘powrozisd osTe sem jueld jUSWILLIL I93BM 9Yy3 Fo weaxisdn ISATY
Y3TWS 3Y3 UuT sO0S Fo Apnis yzdep-urt STOSUR]TNUTS ¥ "ISATY Y3TWS
U3 WOIF I393eM MBI ST S9)e3 UYOTUM ‘Jueld JUSWILSIL Io3eMm STTIN
3S3I0pT8Td 9yl Aq pspraoad ST USPH JO UMOL 9yl I03 A1ddns asjem
buryutap sy3z zo paryz-suo 3noqy ‘pawrozisd sem uspg JO uUMOJ
9U3 Wwoxz Ieojem BUTHUTIP PaYsSTUTI JO STsAteue yidep-urtr uy

*SD0S PSTITIUSPTUN M3T B pue ‘spTtuejsoe-1iusyd-1iyas ‘apToTysad
SUTZeTI} ® ‘suoUuTTopuTr TAYjzawTIal ‘ssuszusq-¢D ‘SoUsTAX ‘susniol
butpniour ‘spunodwoo piepueis SATSM3 93 SSPTIS9Q STEOTWaAYD I|aylo
P2TITIUSPT OST® QIJL/0D PUR SW/DD Bursn stsiTeue 8AT3E3T3UuRnb pue
SAT3IR3TTeND "uoTITTq xod s3zxed maz ® 03 UOTTTTI3 xad saxed Jo
SUS31 WOIJ SUOT3IRIJUSOUOCD 3B saTdwes Is3eMm ISATI SY3 ut spunodwod
8@say3 yo Auew jo soussaad say3 P23e0TpUT sSpunodwod pIRPUR]S SATSMI
B?Y3l I03F sosiTeue SAT3RITIUBNYD °*RUTTOIRD U3ION UT SIDATYH yatus
pue ‘utrypex ‘desq sy3z woxy ssrdues I93eM Teanjieu Jo sTisiTeue

9yl 03 parTdde saxsm Spoyzadw FITD PUR YSTD pszTturjdo 8yy

*SSOTI3BW Is83eM T3 BWOS Y3TM PIjou OSTe oI9am S90UaI9IIS33UT

oTydeabojeworyd ‘spaepueis ayjl Jo Ax9A0D91 aseaIdoep pue

A3TTTQRTIBA 9SESIOUT 03 PpUNOI oIoM ‘I93eM POTTTI3ISTIP UT pauwzcgxad

sasi1eue 03 paxedwmoo usym ‘sepTajew xsjem Tesy - (3dd) 7/Bu ¢z

JO UOT309338p JO S3TWT] PUR ‘JUSATOS UOTIORIIKS 92Ul Se SPTIINSIP

uoqied ‘swrl oband s3nutwm ozT ‘Iozem ardues a8yl IoF O.0¢

Jo axnjexsduwsy aband v oI19M suoT3lTpuocd unwijdo ayg .SOﬂuommmv

3O S3TUTT pPuR ‘JUSATOS UOT3IORIIX® ‘suT3 oband ‘sanjexsdwusy

sband pspniour ¥sSID I03 pe3enTeas sxsjauwexed syl °jusoxad

0T UBY3 SSOT JO UOT3IRTASP pIepueds ® yitm ‘(qdd 1) TI/6n T

moTaq ATTeIsusH aI9M UOTID838p JO S3TWTT ®YL °*L I0 9 Fo Hd ® 3e

a1dues snosnbe Jo sI93TT z 03 9PTIOTYD aUaTAYISBW JO SISFTTTITTU

0SZ Y3TM SWT] UOTIORIIXD INOY (ZT) SATSaM3 © @I9M Apnas STU3

UT PUNOJ SUOT3ITPUOD UOT3OBIZXS paziuwrido syl *S3ITUTT UOTIOD93L9P

wnututw pue ‘suorjetaea Hd ‘Hd uoT3loeIjxs ‘SUNTOA UOT3IORIFXD

‘sWT3] UOT3IORIIXD POPNTOUT pojenIeAS sIsjaueled *spunodwoo
SATSM]} 8Aoqe 8yl buTlsn ‘peszTwrldo pue pe93enIeAs SeMm FTID

*I0TY24AXoysuw {93eydsoyd (TAdoxdoaoTyo) sTa3

{dUTZRIR (BUIZUSJOIOTUDTP-¥ ‘T {susTeyzydeu ! TousydozoTyo

{Tousyd !sueyla0IOTYORISI-Z‘Z'T'T {3uaTAylzsoxoTyoeIlal

! (gad) esueyzsowoxqIp-z‘T {3USTAU390IOTYOTIZ {SURYISOIOTYDOTIY

-T'T’'T @2a9M pejzoeTas spunodwoo syl *UISOUOD Te3USWUOITAUS

JO STeSTWaYD jussaidsal o3 se [[9M Se ‘SOT3sTIL3oRIRBYD TeotsAyd

pue TedTWsyo JO aHued peolq ® ISA0D 03 po3zde[es axsm spunoduwoo

pIepuels SATaM3 9SSYL ‘*ApPnN3s STY3 UT UOTSNTOUT IO0JF pPo30olos

SI9M SAT®M3 ‘SPTM UOT3IRU S9DINOS II3BM UT PITITIUSPT US9q dAEY
IBY3 STROTWSYD OTuebIO OTISYIUAS paspuny UsSA3S ISAO aYl IO

*UOT30939pP OTX3swox3zoads
Ssew JI0/pue UOT3IBZTUOT SWeTI YITM SDOS TenpPTATPUT JO uoTjiexedss
I037 Aydexbojzewoayo seb Axerrrdeo o3 pordnood usyl aIsM sSpoylsu



trichloropropene, C3-benzene, hexachlorocyclopentadiene, and
1,1,2,2~-tetrachloroethane. Organic analysis of samples taken
from the Smith River revealed the presence of N(ethyl)-N(phenyl)-
acetamide, 1,3,3-trimethyl-2-indolinone, a xylene, a C3-benzene,
a triazine, and a compound detected and designated Unknown E.

The concentrations of these Smith River SOCs were in the 1-3 ug/1l
range.

The CLSA and CLLE methods developed in this research were
compared to EPA Method 624 for volatile organic chemicals and EPA
Method 625 for extractable organic chemicals. Duplicate samples
of SOCs were analyzed; the CLSA and CLLE analyses were performed
at the Department of Environmental Sciences and Engineering at
UNC, while the EPA procedures were performed by a qualified
laboratory. The qualified laboratory routinely performs these
EPA analyses on a state-wide basis. The CLSA and CLLE methods
demonstrated improved sensitivity and an ability to detect a
greater number of SOCs.

Note: Trichloroethylene is also referred to as trichloroethene;
tetrachloroethylene is also referred to as
tetrachloroethene.

Xiv



CONCLUSIONS AND RECOMMENDATIONS

Reliable analytical methods for the analysis of SOCs in
environmental water samples are essential in order to safeguard
the public and improve environmental quality. The goal of this
research project was primarily to evaluate and develop applicable
separation and concentration procedures which can be used in such
analytical methods for broad range SOC analysis.

The CLSA and CLLE methods are a powerful combination of
procedures which complement each other well for the analysis of a
broad spectrum of SOCs. A large number of SOC pollutants, many
at ng/l levels, were identified in natural water samples by these
methods. In a comparison to the currently recommended EPA
methods for broad spectrum SOC analysis, using natural water
samples, our use of the CLSA/CLLE methods identified and
quantified more SOCs than the EPA methods. However, the
unfortunate lack of QA/QC information from the laboratory
performing the EPA analytical methods for this comparison study
does adversely affect the validity of this comparison.

The CLSA and CLLE combination of methods complement each
other very well for the analysis of a broad range of SOCs, as
shown by our SOC standard and natural water studies. However,
there are undoubtedly SOCs which may not be analyzed for by these
two methods alone but which may be detected by the Master
Analytical Scheme or by the EPA's 600-series of methods. The
combination of CLSA and CLLE is not the final and complete answer
to SOC analysis, but considering the impressive broad and general
capabilities of CLSA/CLLE and the relative speed and ease of
analysis, this combination of procedures appears to offer obvious
advantages over other currently available methods. The
procedures developed in this work are not complete analytical
methods at this point. They are, however, very promising
procedures which can be further evaluated and developed into

complete protocols such as the EPA methods or the Master
Analytical Scheme.

Additional improvement of these methods is definitely
possible. For the CLLE analysis the artifact interferences might
be avoided by distilling the solvent before use. A device for
solvent dispersion in the CLLE apparatus might possibly increase
the extraction efficiency, and extracting the sample at an acidic
pH before the neutral or base extraction has been suggested as a
better sequence for optimum recovery (Henderson et al., 1977, pp.
105-112). For both CLLE and CLSA analysis, salting out may
decrease the water solubility and increase the recovery of the
SOCs. Some highly volatile SOCs that coelute with the solvent
are not detected by _CLSA, but lowering the starting GC oven
tegperature from 40°C, which was used in this work, to 25°C or
307C should allow more of the most volatile SOCs to be detected.
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Other improvements on CLSA could include heating of the glass
circuit all the way from the water bath to the charcoal filter so
as to prevent condensation and associated loss of SOCs before
they reach the filter. Larger charcoal filters (This study used
1.5 mg filters, but 5 mg filters are available.) can be
evaluated. The CLSA method as used was applicable to trace
organic analysis and inappropriate for heavily contaminated water
samples. The larger filter might extend the method's
applicability to more heavily contaminated waters. The larger
filter might also decrease competitive binding effects which were
observed even at relatively low concentrations in fairly clean
samples. Competitive binding effects can significantly reduce
the recovery of SOCs present and need to be better understood.
The CLLE/CLSA methods were applied to a variety of water
matrices, with the result that the water matrix itself affected
the ability of the analytical methods to detect and quantitate
aqueous SOCs. These water matrix effects could be more
thoroughly investigated for the purpose of gaining understanding

of the matrix components that affect recoveries and their
relative importance.

This research has been preliminary work in the development
of methods for the analysis of a broad range of SOCs in source
and finished drinking waters. Further work and improvements are
possible, but the CLLE/CLSA combination of procedures appears

very promising as a tool to be used for the analysis of SOCs
present in the environment.
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CHAPTER I. INTRODUCTION

1-1. Rationale for Determining Synthetic Organic Chemicals in
Water.

Many thousands of man-made organic chemicals (synthetic
organlc chemicals) have been added since World War II to those
organic chemicals naturally present in the environment.
Historically, most synthetlc organic chemicals (SOCs) are
therefore relatively new in the environment and are of major
concern since they often have high persistence and are poorly
removed by conventional water and wastewater treatment.

Investigations in the United States and throughout the world
have shown that a high proportion of existing surface waters and
groundwaters are contaminated with industrial and agricultural
organic wastes from a variety of point and nonpoint sources. 1In
the U.S. alone, about 700 different chemical pollutants, the
majority of which are SOCs, have been found in public drinking
water systems (Hanson, 1984, pp. 26-27). The effects of most
SOCs on the environment and human health is unknown, but low
levels of several SOCs have been shown to have serious
environmental impacts and adverse health effects in animal
studies, including acute and chronic toxicity and carcinogenesis.
Current estimates for cancer, for example, indicate that in the
U.S., as much as 75-80 percent of the cancer incidence is of man-

made environmental origin and mainly due to SOCs, according to
some sources (Commoner, 1977, pp. 49-72).

Since Rachel Carson documented the long-term adverse effects
of DDT in her book Silent Spring (1963), the American public has
become 1ncrea51ngly aware of the risk of SOCs to human health and
to the environment as a whole. These SOCs include pesticides, a
variety of industrial chemicals, and disinfection by-products.
There are regular reports of improper handling and disposal and

accidents involving hazardous chemicals at locations all across
the country.

Concerns about the risks associated with S0Cs have prompted
legislative actions such as the Clean Water Act, the Clean Air
Act, the Safe Drinking Water Act, the Toxic Substances Control
Act, the Resource Conservation and Recovery Act (RCRA), and the
Comprehensive Environmental, Response, Compensation, and
Liability Act (Superfund). The development of enforceable
regulations and standards is a lengthy process, and to date,
there are only seven maximum contaminant level (MCL) standards
for SOCs in the National Interim Primary Drlnklng Water
Regulations (NIPDWR) (Table 1-1). The first six SOCs listed in
Table 1-1 are pesticides which are either banned or seldom used,
thus they seldom occur in drinking water supplies. The standard
for total trihalomethanes is primarily intended to regulate



TABLE 1-1

ry

Synthetic Organic Chemical Maximum
Contaminant Levels

SocC Contaminantv NIPDWR MCL, mg/1
Endrin 0.002
Lindane 0.004
Methoxychlor 0.1
Toxaphene 0.005
2,4-D 0.1
2,4,5-T , 0.01
Total Trihalomethanes 0.1



levels of disinfection by-products. Despite these legislative
actions, it is evident that current regulations are insufficient
to protect humans against the hazards resulting from the SOCs in
our environment since the majority of SOCs of concern are not
presently requlated. Steps have been taken to evaluate the
extent of SOC contamination in our water supplies and to regulate
additional SOCs which may be of major concern. Nine commonly
found volatile organic chemicals (VOCs) have been proposed for
regulation and recommended maximum contaminant levels (RMCLs) set
(Table 1-2). VOCs are low molecular weight SOCs with relatively
high vapor pressure which therefore evaporate readily. Many more

SOCs are currently being considered for regulation in the near
future.

RMCLs are nonenforceable health goals set at levels that
would result in no known or anticipated adverse health effects
with an adequate margin of safety. The recommended limits for
noncarcinogens are based on chronic toxicity data, whereas those
for proven animal carcinogens (and suspected human carcinogens)
are set at zero. MCLs, on the other hand, are enforceable
standards to be set as close to the RMCLs as technically and
economically feasible. MCLs are based on health considerations,
treatment technologies, cost of treatment, and other factors.
There is controversy as to what levels should be set as MCLs for
carcinogens. Should the MCL be set at zero, and if so, how can
this be tested, or should a certain risk, or number of deaths in
a population which are predicted to be attributable to a specific
SOC, be allowed? Should cost of treatment technology be the
determining factor, or should the MCL be set at the minimum
detection limit possible by modern analytical methods? The MCLs
for carcinogens will include consideration of all of these
options, and no set guidelines have been developed at this time.

It is clear that accurate and sensitive analytical methods
for the determination of SOCs in waters are essential in order to

solve a large number of environmental problems and to protect
human health.

1-2. Analytical Methods Available

Much of the concern over SOCs in our waters stems from
improvements in our analytical capabilities over the last few
decades, particularly during the past 5 to 10 years. Today, it
is possible to detect many SOCs at the nanogram per liter (ng/l)
and even picogram per liter (pg/l) levels.

Detection of relatively high concentrations of organic
pollutants is possible by the direct injection of the sample onto
a chromatograph with an appropriate detector, but there is a
variety of potential problems associated with this procedure. A
more common method is to remove the SOCs of interest from the



TABLE 1-2

Volatile Organic Chemical Recommended
Maximum Contaminant Levels

VOC Contaminant RMCL, ug/l Proposed MCL, ug/1l
Trichloroethylene 0 | ‘ 5
Tetrachloroethylene 0 -

Carbon Tetrachloride 0 5
l1,1,1~Trichloroethane 200 200
Vinyl Chloride 0 1
1,2-Dichloroethane 0 5
Benzene 0 >5
1,1-Dichloroethylene 0 7
1,4-Dichlorobenzene - 750 750

Note: Trichloroethylene is also referred to as
trichloroethene; tetrachloroethylene is also
referred to as tetrachloroethene.



original sample matrix and to concentrate them for final analysis
and identification. There is a variety of these
"removal/concentration" methods available.

For the more volatile SOCs, a "headspace" methodology is
generally applied. This involves the purging and evaporation of
the SOCs out of the water, followed by trapping. The trap
containing the SOCs can then be extracted with a solvent, or the
SOCs can be thermally desorbed from the trap directly into the
chromatograph used for separation and identification. The
"headspace" methods include Bellar's Purge and Trap method and
Grob's Closed Loop Stripping Analysis (CLSA). Less volatile SOCs
are generally either directly extracted from the water witia a
solvent, or the water is passed over a trap which adsorbs the
SOCs, which are then extracted with a solvent or thermally
desorbed onto the chromatograph. Methods for extracting and
concentrating less volatile SOCs include a variety of liquid-
liquid solvent extraction methods, XAD resin adsorption, Tenax-GC

adsorption/thermal desorption, and reverse osmosis/membrane
filtration methods. ‘

These removal and concentration methods are usually followed
by separation and identification by gas chromatograph (GC) with
an appropriate detector. A mass spectrometer (MS) is often
employed for identification of unknowns, though it may be
sufficient to use a flame ionization detector (FID) for general
SOCs or electron capture detector (EC) for halogenated organics.
High performance liquid chromatography (HPLC) with an appropriate
detector is being increasingly used in trace organic analysis, in
particular for analysis of thermally labile organics and for
organics that are poorly volatilized.

The Environmental Protection Agency (EPA) has developed a
series of methods (601-613) for the analysis of specific classes
of SOCs (such as phenols, phthalate esters, purgeable aromatics,
etc.). The EPA has also developed methods 624/625 and 162:/1625,
which are combinations of methods that will analyze for a >roader
range of SOCs in water. Methods 624 and 1624 are purge and trap
methods that are designed for the analysis of volatile socs,
while 625 and 1625 are liquid-liquid solvent extraction mezhods
for nonvolatile SOCs. These EPA methods have been specifically
designed to analyze for the 111 SOCs on the EPA's Priority
Pollutants list, which was developed earlier as a part of a
consent decree resulting from litigation.

The number of SOCs which are of environmental and regulatory
concern has increased well beyond the list of 111, and the newer
discoveries do not necessarily fall into EPA's original
classification scheme. The additional SOCs have a variety of
physical and chemical characteristics; it is desirable to have
analytical methods that will analyze for a broad range of SOCs.



Broad spectrum analysis is essential to detect as many SOCs
as p0551ble, even if they are present in very low concentratlons.
This is the goal of the development of analytical methods in this
research project. Broad spectrum analysis is essential in order
to "get the whole picture" and fully understand the degree of SOC
pollution, to be able to evaluate possible adverse environmental

and health effects, and to take appropriate actions to protect
against SOC pollution.

1-3. Research Objectives

The research project presented here attempts to develop
analytical procedures which will be suitable for broad spectrum
analysis of SOCs in source and finished drinking waters, using
commercially available supplies and instrumentation. Most of
this work consists of the evaluation and development of
appllcable separation and concentration procedures to be used in
this analytical scheme. Specific objectives include:

- The review of the scientific literature for the purpose
of selecting appropriate analytical procedure(s).

The selection of a representative set of SOCs which will
be used to develop, evaluate, and optimize the chosen
analytical procedure(s).

- The development, evaluation, and optimization of the
analytical procedure(s) chosen, using the SOCs standards

in "clean" laboratory solutions, as well as in "natural"
water matrices.

The application of the procedure(s) to broad spectrum
analysis of SOCs in source and finished drinking waters.

The comparison of the procedure(s) to EPA's brocad range
methods in terms of specificity and sensitivity.



CHAPTER II. LITERATURE REVIEW

2-1. Introduction.

Reliable and sensitive methods for the analy51s of SOCs have
only recently become available, so trace organic analysis has a
relatively brief history. The need to 1dent1fy synthetic organic
compounds (SOCs) present in water supplies has only been
recognlzed in the past few decades, as the degree of SOC
pollution has increased. Concern over SOCs in our waters has

increased as sensitive techniques for identification have become
available.

2-2. Brief Overview of SOC Removal in Water Treatment.

SOCs penetrate groundwater and surface water supplies, both
from nonpoint (such as agricultural and other land runoff) and
point (such as industrial waste effluent and leaking hazardous
waste dumpsites) sources. Unfortunately, conventional water and
wastewater treatments are often ineffective for removal of SOCs,
and the potential for adverse health effects is therefore a
matter of increased concern (Semmens and Ayers, 1985, pp. 79-84;
Sorrell et al., 1985, pp. 72-78; Thrun and Oberholtzer, 1981, pp.
253-266). Wastewater treatment beyond secondary treatment is
capable of removing SOCs at a 90 percent efficiency rate, which
may or may not be sufficient (Reinhard et al., 1979, pp. 675-
693). Alum or ferric sulfate coagulation, followed by
flocculation, settling, and filtration were found to remove 3-20
percent of four model SOCs in Mississippi River water during
drinking water treatment, which is a typical removal efficiency
for natural organics with molecular weights of 1000 or less

(Semmens and Ayers, 1985, pp. 79-84). Removal efficiency was
relatively insensitive to coagulant dose.

Granular activated carbon (GAC) adsorbs SOCs strongly and is
probably the most effective and feasible method available today
for the removal of a broad range of SOCs from water but adds a
considerable expense to water treatment (DeMarco et al., 1981,
pPp. 907-940; Roberts and lLevy, 1985, pp. 138-145). The United
States Congress has considered blllS which would require the use
of GAC in water treatment (Hanson, 1985, p. 19), although EPA
withdrew a proposed regulation for carbon treatment under
pressure from the water works industry. GAC filtration has been
proven efficient in SOC removal when used in a slow sand
filtration bed, an option which may be feasible for smaller water
utilities (Fox et al., 1984, pp. 62-68). GAC has also been shown
to be efficient if used as an additional step in traditional
water treatment (DeMarco et al., 1981, pp. 907- -940). The
efficiency of GAC was also evaluated in an extensive study in
which Cincinnati tapwater was analyzed for SOCs before and after



GAC treatment (McGuire et al., 1981, 530-537). However, GAC is
not efficient for the removal of all SOCs, and it may need to be
complemented by another method, such as air stripping, for more
complete and efficient SOC removal (McCarty et al., 1979, pp.
683-689). Biological growth on the GAC and early saturation are
other problems which hamper the GAC control of SOCs in water.

Of the other methods used for SOC removal during treatment,
air stripping is the most commonly used. Though generally
considered quite energy inefficient, air stripping of volatile
organics is a promising method for removal of volatile SOCs (such
as THMs) but is inefficient for removal of nonvolatile SOCs
(Roberts and Levy, 1985, pp. 138-145). For emergency situations,
boiling or electric mixing (a form of air stripping) were found
to be the only effective in-home treatment methods for removal of
volatile SOCs (Sorrell et al., 1985, pp. 72-78), but these are
steps that should not be necessary with responsible environmental
protection and adequate treatment.

2-3. History of SOC Analysis Techniques.

As the potential for adverse human health effects from SOCs
in our water supplies has become increasingly recognized in the
past decades, the amount of research invested in analytical
methodology has increased. This is particularly true for the
past 10 years, as legislative actions have been taken to protect
our environment against harmful SOCs.

In the early 1950s, the petroleum industry recognized the
need for SOC analysis in order to control water pollution
(Headington, 1953, pp. 1681-1685). This industry developed a
variety of waste treatment techniques and complemented it with
SOC monitoring for pollution abatement. Analysis was done
primarily for hydrocarbons and phenols. Methods used included a
variety of gravimetric, volumetric, spectroscopic (infrared,
ultraviolet, and colorimetric), and solvent extraction methods.
Reflux distillation extraction was shown to improve the recovery
and lower the detection limit over the previously used benzene
extraction methods. The SOCs of interest were detected down to
100 ug/l - 1 mg/l levels. Preliminary work with a relatively new
instrument, the mass spectrometer (MS), was also done, and its
powerful capabilities were recognized. Analysis for a variety of
petroleum industry products and by-products in water down to 10
ug/l levels was possible with gas stripping with a stream of
hydrogen and subsequent MS identification.

During the same period, Braus and coworkers attempted to
concentrate SOCs by passing large volumes of water through a
column filled with activated carbon, which was then eluted with
ether or chloroform (Rosen, 1977, pp. 3-14). The researchers
found that even when using 5000 gallons of water, it was



difficult to yield a sample of SOCs that was sufficient to allow
extensive analysis.

2-4, Identification Methods in SOC Analysis.

As the gas chromatograph (GC) with packed, and more
recently, caplllary columns was developed and refined, so was its
use in the analysis of SOCs (Schwarzenbach et al., 1984, pp. 167-
253). The general flame ionization detector (FID), more specific
electron capture detector (ECD) for halogenated SOCs, and mass
spectrometer (MS) were coupled to the GC and greatly improved the
ability to analyze for SOCs. For SOCs that are thermally labile
and poorly volatilized, there has been an increasing amount of

work done using liquid chromatography and high performance liquid
chromatography (HPLC).

Modern GCs, with appropriate detectors, are able to separate
and detect most SOCs at the nanogram (10-9 g) and even picogram
(10-12 g) levels under the proper conditions (Trussell et al.,
1981, pp. 171-186). The improvement in resolution and separation
obtained by capillary columns in SOC analysis over the
traditionally used packed columns is very significant (Figure 2-
1) (Grob and Grob, 1977, pp. 75-86; Lin et al., 1981, pp. 861~
906). Sample size requirements, sensitivity, and selectivity are
all greatly improved by the use of capillary columns.

The development and improvement of detectors have also
helped establish the GC as the major instrument in trace organic
separation and analysis (Schwarzenbach et al., 1984, pp. 167-253;
Trussell et al., 1981, pp. 171-186). These detectors include the
general flame ionization detector, the electron capture detector,
the Hall electroconductivity detector, the flame photometric
detector, and the mass spectrometer, among others. The mass
spectrometer, interfaced with a computer, provides a most
powerful detector for the analysis of unknown SOCs.

The majority of SOCs which are of environmental concern
today can be analyzed with GC methods. There are, however, a
number of potentlally harmful SOCs for which GC is 1nappropr1ate
High performance liquid chromatography (HPLC) is being used more
and more for the analysis of SOCs which are thermally labile,
poorly volatilized, or for other reasons, poorly identified using
GC (Bombaugh, 1984, pp. 317-381; Glaze et al., 1981, pp. 371-382;
Haeberer and Scott, 1981, pp. 359-370; Walton and Eiceman, 1978;
Watts et al., 1981, pp. 383-398). The Priority Pollutant List
includes 11 phenols and nitrophenols which are difficult to
analyze for by GC methods. HPLC has proven to be effective in
the analysis of these SOCs (Haeberer and Scott, 1981, pp. 359-
370). The great number of large molecular weight or otherwise
poorly volatilized organics can be analyzed by HPLC, coupled to
the appropriate detector (which may also be an MS). The
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environmental importance of these organic compounds is even less
well known than it is for those compounds that have been
identified by GC for some time.

Infrared (IR) spectroscopy, one of the techniques used in
the early years of SOC analysis, is today being successfully used
in the analysis of an increasing number of groups of SOCs,
including pesticides, phenols, and petroleum related organics
(Kawahara, 1984, pp. 382-444).

At this time, GC methods are still the dominant methods for
SOC separation and identification. Isotope dilution GC/MS has in
the past few years been investigated and proposed as an
improvement over other GC or GC/MS methods because of increased
accuracy and precision for quantification (Colby and Rosecrance,
1981, pp. 1907-1911; Colby and Rosecrance, 1981, pp. 221-230).
In isotope dilution, the concentration of the SOC in a matrix is
determined from the change produced in its natural isotopic
composition by the addition of a known quantity of the same SOC,
the isotopic composition of which has been artificially altered
(and is known). Quantitative determinations can be made with a
high degree of accuracy and precision.

A step rarely used today which may increase the efficiency
of several of the SOC analysis methods is "salting out" (Mieure
et al., 1977, pp. 113-134; Thrun and Oberholtzer, 1981, pp. 253-
266). This involves the addition of a considerable amount of
clean, inorganic salt (such as NaCl or Na,SO,) to the water to be
analyzed. The salt will generally decreafe the solubility of the
SOC in the water, making it more easily extractable or purgeable.
The salt added must be inert to the analysis, other than
decreasing the water solubility of the SoOC.

2-5, SOC Extraction and Concentration Methods.

When considering the injection and analysis methods a
available, most researchers have recognized the limited
capabilities of the direct injection method of a contaminated
water sample (Dressler 1979, pp. 167-206). A variety of
chromatographic separation and detection problems is associated
with this method, and high analyte concentrations are generally
needed for detection of the SOCs. There is therefore a need to
combine sensitive detection with efficient sample
preconcentration. Methods for extracting the SOCs from the water
matrix and concentrating them before chromatographic separation
and analysis have been developed and greatly improve the analysis
of low levels of SOCs. The more commonly used methods have been
developed for a variety of SOCs and are well documented in the
scientific literature and are discussed in the rest of this
chapter. These methods are:
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-~ Reverse Osmosis/Membrane Filtration/Dialysis
- XAD Resin Adsorption/Elution

- Tenax-GC Adsorption/Thermal Desorption

- Liquid-Liquid Solvent Extraction

- Bellar's Purge and Trap

- Grob's Closed Loop Stripping Analysis

2-5-A. Membrane Methods in SOC Analysis.

The reverse osmosis/membrane filtration/dialysis group of
concentration and extraction methods employs a semipermeable
membrane through which water and/or the SOCs are selectively
transmitted. In reverse osmosis/membrane filtration, external
pressure is applied, and "pure" water passes through the
membrane, concentrating the retained SOCs (Rutanen, 1982). 1In
dialysis, either "pure" water or the SOCs can pass through the
membrane, depending on other solutions and solvents in the system
which may or may not attract the SOCs. Direct injection,
evaporation as a concentration step, or removal and further
concentration by one of the other available methods can then be
performed after initial concentration by the membrane method.

_ Membrane methods for concentration have been used in trace
organic analysis of drinking and waste water (Deinzer et al.,
1975, pp. 799-805; Keith, 1981, pp. 156-162; Mieure et al., 1977,
pp. 113-134). Large numbers of organics were isolated and
identified, but it was found that the method is applicable to
certain classes of SOCs and inappropriate to others and thus does
not give a representative picture of the total SOC content of the
water. 1In the membrane methods, the characteristics of the SOCs
present, solvents in the system, and the membrane itself are all’
determining factors in what is passed through the membrane and
what is not. Pore size of the membrane, sorption onto the
membrane, and the polarity of the membrane are examples of
membrane characteristics that need to be considered. Low
molecular weight and polar molecules are poorly concentrated by
the polymeric membranes (for example, cellulose acetate) which
preferentially adsorb and transmit polar and smaller molecules
(Leenheer, 1984, pp. 84-166). Other groups of SOCs such as

aromatics are also adsorbed onto the membrane and are lost to
analysis.
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2-5=-B. Resin Methods -.XAD and Tenax-GC.

In XAD resin adsorption/elution methods, the water sample
containing SOCs is passed through a column packed with XAD resin.
The SOCs will adsorb onto the XAD resin and can later be
extracted with a solvent. Additional concentration through
evaporation is then generally performed. The XAD resins come in
several varieties, each variety having its own chemical and
physical characteristics and being appropriate for the adsorption
of certain types of SOCs.

The resins are made of either polystyrenedivinyl benzene
(XAD 1-5) or polymethacrylate (XAD 7 and 8) copolymers
crosslinked to form beads of varying mesh size with a very large
surface area (Junk et al., 1977, pp. 135-154; Rutanen, 1982;
Stepan and Smith, 1977, pp. 339-342). XAD 2, 4, 7, and 8 are the
most commonly used, though these macroreticular resins come in
forms from XAD 1 to XAD 12 (Musty and Nickless, 1974, pp. 185~
190). The lower the number of the resin, the lower its polarity,
indicating the polarity of the S0Cs for which it is appropriate.
The type of resin and the flow rate of the water passing through
the resin column are the main factors affecting adsorption. Even
at optimum conditions, the XAD resins have been shown to be
applicable mainly to nonpolar SOCs (DeMarco et al., 1981, pp.
907-940; Junk et al., 1977, pp. 135-154; Leenheer, 1984, pp. 84-
l66). nghly and even moderately polar SOCs are poorly adsorbed
and retained by the resins. Other major problems with the use of
XAD resins in the analysis of SOCs are the loss of volatiles
during resin drying before solvent elution and the need to clean
the resin before use. The cleanlng of XAD resins is a very time
consuming process, and obtaining truly clean resins is extremely
difficult. Dirty "blanks" due to resin contamination have been
seen to be the norm in many analyses (Dietrich et al., 1983).
These problems make XAD resins 1nappropr1ate for the analysis of
minute quantities of SOCs over a wide range of polarities and
VOlatllltleS. An advantage of XAD resin adsorptlon/concentratlon
is that large volumes of water can be passed through the resin
column, thus allowing for great concentration of the SOCs that
are retained. These resins may be very suitable for nonpolar,

nonvolatile SOCs if clean resins are used and/or the dirty blanks
accounted for. .

In spite of their shortcomings, XAD resins have been
extensively used in the analysis of organic compounds in water
(Burnham et al., 1972, pp. 139-142; Caton et al., 1981, pp. 329~
344; Chriswell et al., 1975, pp. 1325-1329; Dunlap et al., 1977,
PpP. 453-478; Junk et al., 1977, pp. 135-154; Leenheer, 1984, pp.
84-166; Lin et al., 1981, pp. 861-906; Musty and Nickless, 1974,
pp. 185-190; Osterroht, 1974, pp. 289-298; Stepan and Smith,
1977, pp. 339-342; Van Rossum, 1978, pp. 381-392). XAD 2, 4, and
7 re51ns have been successfully used in the analysis of
herbicides, insecticides, and polychlorinated biphenyls (PCBs) in
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tap and sea water down to around 1 ug/l levels (Junk and Richard,
1981, pp. 295-316; Musty and Nickless, 1974, pp. 185-190;
Osterroht, 1974, pp. 289-298). Inorganic salts are not retained
by XAD 2 and 7 resins, making them useful in the analysis of
certain SOCs in seawater (Osterroht, 1974, pp. 289-298).

However, in another study, the amount of dissolved minerals and
naturally occurring organics has been shown to drastically reduce
the trapping efficiency and recovery of SOCs on XAD 4 resin
(Landrum and Giesy, 1981, pp. 345-355).

Several polycyclic aromatic hydrocarbons (PAHs) and certain
organics in wastewater have also been analyzed for with XAD
resins (Caton et al., 1981, pp. 329-344; Glaze et al., 1977, pp.
247-254; Keith, 1981, pp. 156-162). Analysis of taste and odor
causing SOCs in drinking water has also been performed, using XAD
resins (Burnham et al., 1972, pp. 139-142). Poor recovery of
polar compounds, even at as high as 1 mg/l levels, was observed,
while other SOCs were well retained. By increasing the pH to
around 12, certain polar compounds such as phenols are retained
significantly better on the XAD resin, and analysis at high ug/1
levels has been done (Chriswell et al., 1975, pp. 1325-1329).
Combining resin types in the column has also been tried as a way
to improve recoveries. An equal weight combination of XAD 4 and
8 was found to be the most effective in recovering a mixture of
13 commonly found SOC pollutants, but incomplete retention was
still observed for certain types of SOCs, including some

phthalates, polar, and volatile SOCs (Van Rossum, 1978, pp. 381-
392).

Adsorption/thermal desorption has been tried with XAD
resins. Though relatively successful results have been reported
for a narrow group of compounds (Ryan and Fritz, 1981, pp. 317~
328), XAD resins generally result in dirty backgrounds upon
thermal desorption. Tenax-GC adsorption/thermal desorption has
been developed for SOC analysis and is not associated with the
background problems of XAD resins. In the Tenax-GC method, as,
developed by Pankow, sample water is passed through a column
packed with Tenax~GC for SOC adsorption (Pankow and Isabelle,
1982, pp. 25-39; Pankow et al., 1982, pp. 1815-1819; Pankow et
al., 1982, pp. 31-43). The Tenax-GC column is dried by
centrifugal action, and the SOCs can then be thermally desorbed
directly onto the GC. This method, which is possible due to the
thermal stability of Tenax-GC, bypasses the need for solvent
elution such as is necessary with XAD resins. Other than its
increased thermal stability, the adsorptive characteristics and
applicabilities of Tenax-GC are very similar to that of XAD
resins, which may explain the limited use the method has seen.
This method is very flow-rate sensitive and is most applicable to
nonpolar and intermediate-to-low volatility SOCs (Pankow et al.,
1982, pp. 31-43). Polar SOCs are not well retained by the Tenax-
GC, and the more volatile SOCs are lost during centrifugation.
Good recovery of a group of seven chemically similar nonpolar,
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nonvolatile Priority Pollutants has been shown by Pankow and his
coworkers at low ug/l levels (Pankow and Isabelle, 1982, pp. 25-
39; Pankow et al., 1982, pp. 31-43).

2-5-C. Liquid-Liquid Extraction Methods in SOC Analysis.

Liquid-liquid extraction (LLE) is widely used for extracting
organic substances from water. With highly volatile solvents,
additional concentration is obtained by evaporation (Leenheer,
1984, pp. 84-166; Rutanen, 1982). Several variations of LLE are
available. The batch extraction method is the most common, but
continuous LLE methods, steam distillation/reflux extraction
methods, and microextraction are also used.

Liquid-liquid extraction can generally be efficient in
extracting most SOCs from the water matrix, including polar to
nonpolar and volatile to nonvolatile SOCs. Very polar compounds
are, however, not extracted as well as nonpolars, and very
volatile SOCs are often lost during further concentration and
manipulation of the extract (Leenheer, 1984, pp. 84-166).

EPA's method for the analysis of nonvolatile SOCs, Method
625, is a batch LLE method (with a continuous LLE method option,
briefly mentioned). Method 625 was first introduced when
published in the Federal Register on December 3, 1979 (USEPA,
1979, pp. 69464-69575). It was promulgated on October 26, 1984
in its original form (USEPA, 1984, pp. 43233-43442). The
majority of the nonvolatile Priority Pollutants can be determined
by this method, most of them at levels down to 10 ug/l (Boland et
al., 1981, pp. 831-838; USEPA, 1979, pp. 69464-69575; Weston,
1984, pp. 54-60). The water sample and solvent are combined in a
separatory funnel with shaking, then the organic phase (with the
SOCs) is separated from the water. High turbidity, or high
sediment content is not a significant problem in LLE, as compared
to other methods (Krasner et al., 1981, pp. 689-711; Lopez-Avila
et al., 1981, pp. 793-828). LLE is a fast, inexpensive, simple,
and straightforward method that allows for easy alteration and
modification of such parameters as volume and pH, as the need
arises. LLE has proven to be very efficient, even in today's
laboratory with more "sophisticated" instruments and methods.

LLE has been shown to be highly efficient by numerous public
agencies and monitoring authorities throughout the country. 1In
independent research the method has often been the method of
choice for SOC analysis as well (Colgrove and Svec, 1981, pp.
1737-1742; Cooper and Wheatstone, 1973, pp. 1375-1384; Lopez-
Avila et al., 1981, pp. 793-828). Multiple fractionation beyond
the two base/neutral and acid fractions in Method 625 has been
shown to be a good approach for the separation and analysis of a
large number of different types of SOCs at low ug/l levels and
generally results in very good recoveries except for very polar
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SOCs (such as some phenols) (Colgrove and Svec, 1981, pp. 1737-
1742) . Problems with contaminants in solvents can often be
avoided by distillation of the solvent before use. The
traditional methods involve a concentration step which increases
the relative amount of 1mpur1t1es from the solvent and the time
needed for the analysis. Microextraction technlques attempt to
minimize these problems. The water to solvent ratio can be
1000:1 or greater, as opposed to the 10:1 ratio such as in EPA
Method 625. This reduces and may even eliminate the need for
further concentration. Mlcroextractlon has been applied to the
analysis of Priority Pollutants in wastewater (Rhoades and
Nulton, 1981, pp. 241-252) and evaluated on Priority Pollutant
standards (Thrun and Oberholtzer, 1981, pp. 253-266) with varying
results and success. Falrly good results were observed on polar
S0Cs, but standard deviations were generally greater than with
other extraction methods. For one study, 100-1000 ug/l levels
were essential for good recovery and reproducibility of the SOCs
(Junk et al., 1981, pp. 281-294).

By choosing an appropriate solvent, certain groups of SOCs
can be selectlvely extracted. Highly polar phenols and
chemically 51m11ar SOCs have been successfully extracted and
identified in wastewater by such a selective solvent method
(Cooper and Wheatstone, 1973, pp. 1375-1384). Many volatile
SOCs, including trlhalomethanes (THMs), can be extracted by
choosing pentane as the solvent (Henderson et al., 1977, pp. 105-
112). In a very simple and rapld process, THMs have been

identified at ng/l levels, using the modified pentane extraction
method (Glaze et al., 1981, pp. 267-280).

Another less commonly used varlety of LLE is the steam
distillation/reflux method. Steam distillation has mainly been
used to concentrate volatile organic compounds in water, but over
85 percent recovery of pesticides has also been achieved by this
method (Rutanen, 1982; Veith and Kiwus, 1977, pp. 631-636). 1In
this procedure, both the aqueous liquid and the solvent are
heated to reflux and the condensed vapors are brought into
contact in a capillary tube which is cooled. Both phases are
then returned to their original flasks and recycled. The SOC

solutes transfer, in time, to the solvent phase (Veith and Kiwus,
1977, pp. 631-636).

Other solvent recycllng LLE methods include the continuous
LLE methods. Solvent is recycled through the water by an
evaporatlon/dlstlllat1on-condensatlon cycle, and the SOCs are
extracted and concentrated in the solvent flask. The extraction
efficiency is generally increased by continuous extraction
(Rutanen, 1982), and it has been used for the determination of a
variety of nonpolar (Kahn and Wayman, 1964, pp. 1340-1343;
Stachel et al., 1981, pp. 1469-1472) and other SOCs (Ahnoff and
Josefsson, 1974, pp. 658-663) in water, including a variety of
pesticides (Bruchet et al., 1984, pp. 1401-1409; Kahn and Wayman,

16




1964, pp. 1340-1343; Wu and Suffet, 1977, pp. 231-237). The
continuous LLE has been developed in a variety of styles,
1nclud1ng one which continuously extracts large volumes of water
passing through the system, which permits great concentration
effects and detection down to the ng/l level for many SOCs
(Ahnoff and Josefsson, 1974, pp. 658-663; Bruchet et al., 1984,
pp. 1401-1409; Stachel et al., 1981, pp. 1469-1472; Wu and
Suffet, 1977, pp. 231-237). Extraction efficiencies at a given,
recoverable level are comparable for the continuous and batch
LLE, but the larger concentration effects possible with the
larger volumes of water in the continuous LLE results in improved
detection at low levels (Bruchet et al., 1984, pp. 1401-1409).
The problems associated with foamlng and emu151on formation in
other LLE methods are not present in continuous LLE, giving it a
substantial edge when such problems are a factor.

2-5-D. Headspace Methods - Purge and Trap and CLSA.

Though the pentane extraction method has been used
successfully for certain volatile SOCs, the methods discussed
thus far are primarily limited to moderately-to-nonvolatile SOCs.
For the volatile SOCs, the so called "headspace" methods are
generally employed. These methods include Bellar's purge and
trap and Grob's closed loop stripping analysis (CLSA).

EPA's method for the analysis of volatile SOCs in water is
Method 624, which was introduced and promulgated along with
Method 625 (USEPA, 1979, pp. 69464-69575; USEPA, 1984, pp. 43233-
43442). It is a purge and trap method. In this method, the SO0OCs
are purged and evaporated out of the water with an inert gas and
trapped on a combination of Tenax-GC, activated carbon, silica
gel and/or XAD resin adsorbents (Figure 2-2). The SOCs trapped
are thermally desorbed and driven onto the GC by the carrier gas.
The purge and trap method is, like Method 625, well tested and
used exten51vely throughout the country for the analysis of
volatile SOCs in water. 1In relatively clean source and drlnklng )
waters, the nonpolar, volatile Priority Pollutants (including
THMs), for which the method was intended, are generally well
identified with purge and trap. Bellar reported detection limits
down to 0.5 ug/l for a group of volatile SOCs (Bellar and
Lichtenberg, 1974, pp. 739-744; Weston, 1984, pp. 54-60).
However, the volatile Priority Pollutants are not the only
volatile SOCs of environmental importance. A modified purge and
trap method was used for the analysis of SOCs in wastewater
sludge (Haile et al., 1981, pp. 763-792). The method performed
well for a number of volatile Priority Pollutants but was
unsatlsfactory for some other env1ronmentally important volatile
SOCs. Inconsistent results were seen in many sludge samples
tested, including "recoveries" well in excess of 100 percent for
several of the SOCs. A large number of SOCs were identified, but
equally inconsistent recoveries of SOCs were seen in another
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such as turbidity, high organic, or inorganic content than by
nonpurging techniques.

The most extensive comparison of analytical methods for SOC
analysis in water was one carried out jointly by researchers from
EPA's Health Effects Research Laboratory (HERL) and Battelle
Columbus Laboratories (Melton et al., 1981, pp. 597-674). The
methods compared were purge and trap, CLSA, LLE, and XAD-2 resin,
with the first two methods presumed most applicable to volatiles
and the latter two to nonvolatiles. The CLSA method included the
use of a capillary column, while the purge and trap method
employed a packed column, according to recommended EPA
methodology. Overall, 183 different SOCs were identified in the
study. Six were detected by purge and trap, 107 by CLSA, 90 by
LLE, and 58 by the XAD-2 resin method. The six VOCs detected by
purge and trap were also detected by CLSA, but the two most
volatile of these VOCs were detected more accurately by purge and
trap. This indicates that the advantage of purge and trap over
CLSA is in the analysis of the few very volatile VOCs where the
solvent peak present in CLSA will interfere. Since purge and
trap is a thermal desorption method, it does not use any solvent
for introducing the VOCs on the GC, and there is therefore no
solvent peak. The researchers who had in earlier work identified
about 500 unique purgeable organics in water by CLSA, found that
the average SOC concentration of SOCs identified by CLSA in this
study was 9.2 ng/l and that for 215 SOCs studied, the minimum
detection limit was in the 1-10 ng/l range. The researchers
agree about the state of the art, highly sensitive, and
comprehensive nature of CLSA and speculate that it will replace
purge and trap as the method of choice in VOC analysis. It
should be pointed out that the purge and trap method was EPA
Method 601, which is a method used primarily for halogenated
purgeable SOCs. Nevertheless, purge and trap appeared inferior,
as several halogenated volatile to semivolatile SOCs that were
identified by CLSA, and ideally, should have been by purge and
trap, were missed by the purge and trap method. Other than for

the two most volatile VOCs, CLSA was superior in all respects and

is complemented well by LLE or XAD-2 for the less volatile
organics. LLE analysis was efficient for the groups of SOCs that
the XAD-2 method analyzed for and even more, covering a broader
range of SOCs and complementing CLSA the best.

2-7. Summary of Literature and Choice of Methods.

The EPA's rules and guidelines for the analysis of SOCs in
water were first published in the Federal Register on December 3,
1979 (USEPA, 1979, pp. 69464-69575). These included several
specific methods, aimed at narrow groups of SOCs but also two
methods for broad spectrum analysis of SOCs. These methods are:
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- Method 624, Bellar's Purge and Trap
- Method 625, Liquid-Liquid Extraction

These EPA methods involve different extraction and concentration
techniques. Method 624 is for volatile SOCs and Method 625 for

nonvolatile SOCs. Both methods involve the use of packed column
GC/MS for separation and identification.

The EPA methods have since been promulgated (USEPA, 1984,
pp. 43233-43442) and are the methods to be used for monitoring
and determination of SOCs in water by regulatory authorities.
Since these methods are more than five years old, there is reason
to believe that they may not necessarily be the best methods for
broad spectrum analysis, in particular when considering the rapid
development and improvements that have been taking place in the
field of SOC analysis in the past few years.

The Master Analytical Scheme (MAS) is a collection of
analytical techniques (most of which have been described earlier
in this chapter) that have been organized into a comprehensive
protocol (Garrison et al., 1981, pp. 17-30; Gebhart et al., 1981,
pp. 31-48). It is broad in scope and includes methods for
preanalysis (scouting) to determine optimum sample volume and
amount of internal standard needed, as well as methods for the
analysis of ionic interactable compounds. The MAS has strong
QA/QC and can be used as a model of good protocol validation.
However, the MAS is unnecessarily large and complex for the
purposes of most SOC analysis, involving up to 9 fractions from
each sample for final GC/MS analysis.

For this study, the EPA's methods and the other scientific
literature available on SOC analysis in water were carefully
reviewed in order to select the most appropriate method or
methods for broad spectrum analysis of a range of potentially
harmful SOCs in water. This includes SOCs of diverse physical,
and chemical characteristics. The most commonly used methods of
concentration and analysis were identified and the scientific
literature studied in more depth.

It is useful to classify the methods into degrees of
volatility and polarity of the SOCs that they will analyze for
(Table 2-1). For this study, the object was to analyze for the
greatest range of SOCs, using as few methods as possible. There
is a significant degree of overlap between the methods, and these
classifications are generalizations but still quite useful.

The reverse osmosis/membrane filtration/dialysis methods
were eliminated as potential methods at an early stage. The
membrane methods are, in general, too selective for concentration
of SOCs, not concentrating low molecular weight (volatile) or
polar SOCs well. There is also unpredictable adsorption of SOCs
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Table 2-1

APPLICABILITY OF SOC CONCENTRATION/ANALYSIS

METHODS
Method Volatility Polarity

Reverse Osmosis/Membrane

Filtration/Dialysis Low Low
Tenax-GC Adsorption/
.- Thermal Desorption Low-Medium Low-Medium
XAD-Resin Adsorption/

Elution Low-Medium Low-Medium/High
Liquid-Liquid Solvent

Extraction Low-Medium Low-High
Bellar's Purge and

Trap Medium-High Low-Medium
Grob's Closed Loop

Stripping Analysis Medium-High Low-Medium
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onto the membrane. These methods require an additional
extraction/concentration step, necessitating the use of one of
the other five methods as well.

The Tenax-GC method requires very clean Tenax-GC, and its
strongly organic adsorbent nature makes this difficult. A
substantial modification to the GC, which is not commercially
available, is necessary for the thermal desorption step.
Finally, this method is not applicable to the less volatile and
polar SOCs, making it limited in range as compared to the other
methods.

The XAD resin method can analyze for a broad range of SOCs
if a combination of different resins is used, but it still cannot
be used very well for the polar and nonvolatile SOCs. These
resins are even harder to clean and keep clean than Tenax-GC, and
as a result, dirty blanks are very common. Work in the
Department of Environmental Sciences and Engineering at UNC with
XAD resins and liquid-liquid extraction for the analysis of SOCs
in Haw River water showed XAD resins to have many problems in
comparison to liquid-liquid extraction (Dietrich et al., 1983).

For this study, liquid-liquid extraction was chosen for the
analysis of nonvolatile SOCs. This is a simple, straightforward
method that can easily be modified as the need arises. It is
also used in EPA's Method 625 for nonvolatile SOCs. Of the
methods for nonvolatiles, liquid-liquid extraction was judged to
cover the broadest range of applicability, and it extracts in
particular, the more polar SOCs better than the other methods.
Of the variety of liquid-liquid extraction methods available, a
continuous liquid-liquid extractor (CLLE) was chosen. The CLLE
was expected to have several advantages over the traditionally
used separatory funnel, including:

less person-hours needed for the extraction,
- less worker contact with extraction solvents,

- less water matrix interferences due to foaming and
emulsion formation during the extraction, which in turn

would improve recoveries, reproducibility, and detection
limits,

- possibly better recovery of the more volatile and polar
SOCs.

For the analysis of the volatile SOCs, the purge and trap
method was judged to be less applicable than the CLSA method.
Purge and trap is used in EPA's Method 624 for volatile SOCs.
Purge and Trap does not cover as broad a range as the CLSA, being
limited mainly to highly volatile, nonpolar SOCs. CLSA analyzes
better for the less (medium) volatile SOCs in addition to the
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highly volatile ones and covers a broader range of polarity as

well. CLSA is also superior to purge and trap in detection
limits, having a two to three orders of magnitude edge.

CLLE and CLSA were thus judged to be the most appllcable
methods for use in broad spectrum ana1y51s of SOCs in waters.
findings in the literature study justified the inclusion of a
third method or the substitution of any other combination of
methods for CLSA and LLE. These two methods complement each

other better than any other combination of methods and are used
in this research.

No
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CHAPTER III. MATERIALS AND METHODS

3-1. Selection of Analytical Methods.

Based on the literature review, CLLE and CLSA were found to
be the most applicable methods to broad spectrum analysis of SOCs
and the ones that will be used in this research. These methods
complement each other better than other combination of methods
available, in terms of the SOCs they are applicable to. The
materials and instruments used in CLLE and CLSA are commercially
available and well documented, an important consideration for the
development of methods which might be used by a variety of public
and private organizations concerned with water quality.

3-2. Standards Selection.

In order to evaluate, optimize, and develop the chosen
methods, CLSA and CLLE, a comprehensive set of standard SOCs to
be used in the experimental process needed to be selected. These
standards must cover a broad range of chemical and physical
characteristics in order to be representative of the wide range
of SOCs one may encounter in environmental water analysis. In
order to compile such a representative list of standard SOCs, a
large amount of pertinent literature, reports, and permits were
studied (Table 3-1). From these valuable sources of information,
along with chemical and physical data on the SOCs, a
representative set of standard SOCs was chosen. Relative
importance in terms of environmental concern was another major
factor that needed to be taken into account. It was important to
choose a variety of SOCs, which necessitated exclusion of several
SOCs of environmental concern that were too closely related in
chemical and physical properties. Molecular weight, molecular
structure, volatility (vapor pressure), and polarity (water
solubility), as well as relative retention time in gas
chromatography, were the major chemical and physical '
characteristics considered. Vapor pressure is a good indicator
of volatility, and though water solubility is not a direct

measure of polarity, it is an indicator and a valuable measure in
water analysis for SOCs.

A set of 16 SOCs was chosen, 12 of which would be used as
primary internal standards (added to the original samples before
any workup has begun) and 4 of which would be used as secondary
internal standards (added to the sample before final injection
onto the GC or GC/MS, commonly called external standard) (Table
3-2). The matching up of primary and secondary internal
standards was based on relative retention times (matching those
which elute at about the same times) and degrees of physical and
chemical similarity (Table 3-3).
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Table 3-1

SOURCES OF INFORMATION FOR SELECTING
STANDARD“SOCs

A. Reports on VOCs and SOCs commonly found in drinking

water (from American Water Works Association
Workshops on VOCs and SOCs) (1,2).

B. Reports on the use and discharge of industrizl and
agricultural SOCs in North Carolina (NPDES permits
and a study on pesticide use) (23).

C. EPA's lists of:

i. Priority Pollutants.
ii. Currently regulated SOCs (with MCL's).
iii. VOCs proposed for regulation (with RMCL's).
— iv., SOCs discussed for future regulation.
(1,2,88,89,90)

D. Previous research work on SOCs in North Carolina
waters (including Haw River research performed
in the Dept. of Environmental Sciences and
Engineering, Univeristy of North Carolina)
(20,24).
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Table 3-2

LIST OF SOCs CHOSEN AS STANDARD

Vap. Pres,

=== OWw
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%

= =0

COMPOUNDS

Mol. Wt. Sol.
Primary Standards:
1,1,1-Trichloroethane 133.4 500
Trichloroethene 131.2 ‘1100
1,2-Dibromoethane (EDB) 187.9 4310
Tetrachloroethene 165.8 150
1,1,2,2-Tetrachloroethane 167.9 2900
Phenol 94,1 93000
2-Chlorophenol 128.6 28500
Naphthalene 128.8 30
l1,4-Dichlorobenzene 147.0 79
Atrazine 215 70
Tris(chloropropyl)phosphate 326 no data
Methoxychlor 345.7 no data
Secondary Standards:
1,1,2-Trichloroethane 133.4 4500
2,5-Dimethylphenol 122.2 17000
1,2-Dichlorobenzene 147.0 145
Ametryne 227 no data
Mol. Wt. = Molecular weight, grams/mole
Sol. = Approximate Solubility in H20, mg/l at 200oC
Vap. Pres. = Approximate Vapor pressure, torr, at 200C
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Table 3-3

MATCHUP OF PRIMARY AND SECONDARY
INTERNAL STANDARDS

Primary Internal Standards

1,1,1-Trichloroethane
Trichloréethene
i,Z-Dibrcmoethane
Tetrachloroethene

1,1,2,2-Tetrachloroethane

Phenol
2-Chlorophenol

Naphthalene

l,4-Dichlorobenzene

Atrazine
Tris(chloropropyl)phosphate

Methoxychlor
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Secondary Internal Standards .

1,1,2-Trichlorocethane

2,5-Dimethylphenol

1,2-Dichlorobenzene

Ametryne




These 16 SOCs are generally of environmental concern and are
representative of numerous other SOCs of environmental
importance. Methoxychlor, a pesticide, is the only one on the
list that is currently regulated with an MCL of 100 ug/l. 1,1,1-
trichlorocethane, 1,4-dichlorobenzene, trichloroethylene, and
tetrachloroethylene are among the 9 VOCs that have been proposed
for future regulation, with RMCLs set at 200, 750, 0, and 0 ug/l
respectively. Trichloroethylene and tetrachloroethylene are
proven animal carcinogens, therefore the RMCL is set at 0.
Atrazine, ametryne, and 1,2-dibromoethane are widely used
pesticides. 1,2-dibromoethane and the rest of the SOCs on the
list are widely used in a variety of industries. Other SOCs
considered which were included in preliminary GC studies were:
carbon tetrachloride, toluene, 1,2-dichloropropane, 1,2,4-
trimethylbenzene, 2,4-D, lindane, endrin, and pentachlorophenol.
These were eliminated for a variety of reasons, including
frequent solvent or laboratory contaminants coeluting with
another SOC standard or otherwise being poorly chromatographable.
Equally good and representative substitutes were found for these
eliminated SOCs. The SOCs chosen are frequently occurring water
pollutants and, more importantly, are good representatives of the
broad range of SOC contaminants one may encounter in source and
finished drinking water.

3-3, Preliminary GC Work - Relative Response Factor
Determinations.

Standards of high and known purity were obtained from the
EPA, and solutions of these SOCs were made up. Stock solutions
were made up by dissolving each of the standards individually in
acetone and calculating the concentration, according to the

weight of SOC added to the volumetric flask containing the
acetone.

A solution of primary internal standard was made at the
desired concentration by adding the required amount of each of
the 12 SOC stock solutions to a volumetric flask containing :
acetone. Acetone was used as a solvent because it facilitates
the rapid equilibration of the SOCs with the water matrix. For
the secondary internal standards solutions, these 4 SOCs were
combined by dissolving the appropriate amount of each in a
volumetric flask containing the solvent in which the samples
would be at the point of injection onto the GC, therefore, in
methylene chloride for CLLE and in carbon disulfide for CLSA.

To evaluate and optimize the methods, the relative response
factors of the primary to secondary internal standards needed to
be established, using the GC. This was essential in order to be
able to determine the recovery of the primary internal standard
in the later experiments by knowing its relative response to an
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equal amount of secondary internal standard. The responses were
determined at a broad range of primary:secondary internal
standard ratios in order to evaluate the degree of linearity of
the relationship. Primary and secondary internal standards were
mixed in methylene chloride, and later in carbon disulfide for
comparison, at 1:1, 1:10, and 10:1 concentration ratios. The
concentrations were 4 mg/l:4 mg/l, 4 mg/1:40 mg/l, and 40 mg/l:4
mg/l, resulting in a two orders of magnitude difference in the
relative concentrations. These concentrations were chosen since
a concentration of 4 mg/l was a desirable goal for a minimum
concentration of the final, concentrated samples from both CLLE
and CLSA. A 4 mg/l concentration in the final sample would be
equivalent to a starting concentration in the water of
approximately 1 ug/l in CLLE and 50 ng/l in CLSA. Burdick and
Jackson brand methylene chloride and J.T. Baker reagent grade
carbon disulfide were used in this work.

A Varian 3700 GC with a hydrogen flame ionization detector
was used as the main analytical instrument. Fused silica
capillary columns were used since they are superior to packed
columns in the separation of trace organics. Two stationary
phases (column coatings) and two column lengths were studied.

The 30 meter column had better separation power than the 15 meter
column, in particular for the SOCs eluting earliest. The
stationary phase chosen was DB-5. The other phase studied, DB-1,
is slightly less polar, but both DB-l columns tried exhibited
severe peak splitting and poorer separation for SOCs dissolved in
both the methylene chloride and carbon disulfide. 1In the end, 30
meter long, 0.256 mm inner diameter, 1 um film thickness DB-5
columns (available from J & W Scientific, Rancho Cordova, CA)
were used, one for SOCs dissolved in methylene chloride and
another for the SOCs dissolved in carbon disulfide.

V Chromatograms were recorded and peak areas determined by a
Shimadzu C-R2AX integrator.

A variety of chromatographic conditions was tried to obtain
optimum separation and resolution and a reasongble length of time
for the run. Tge injector temperature was 325°C, detector
temperature 350°C, flow rate about 1 ml/min., and column pressure
16 psi. Helium was used as the carrier gas. ghe following oven
temperature pgogram was chosen to be used: 40°C issthermal for
10 minutes, 6 C/minute temperature program, and 280 C isothermal
for 10 minutes. For the CLSA runs, it was Sound that the
temgerature program could be stopped at 180 C rather than at
280°C since SOCs that do not elute by 180 C are not purged and
analyzed by CLSA. These programs resulted in GC runs of 60
minutes for the CLLE and 43 minutes for the CLSA samples.

Samples of 1.0~-1.5 ul were on-column injected into the GC, though

up to 2.0 ul could be injected if the sample was sufficiently
"clean."
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The Department's mass spectrometer (MS) was used when its
capabilities were needed for SOC identification and verification.
The same capillary column used in the routine GC analysis was
transferred to a Hewlett-Packard 5710-A GC, which is coupled to
the VG-Micromass Model 7070F Double Focusing Mass Spectrometer,
equipped with a combined electron ionization/chemical ionization
source. Data reduction was accomplished with a VG 2035
Datasysten. .

The relative response factors and their respective standard
deviation were determined by multiple injections on the GC. Five
to ten injections of each of the different concentrations were
generally required to reach the desired standard deviation of
less than 5 percent of the calculated value. Carbon disulfide
was briefly compared to methylene chloride in this respect, and
the solvent used did not influence the relative responses. Each
SOC solution was prepared twice and the relative response factors
calculated. These response factors were combined since the
values were virtually identical, resulting in one relative
response factor with a standard deviation less than 5 percent of
the value. Relative response factors were calculated by dividing
the response (peak area) of the primary internal standard to that
of the secondary internal standard (Table 3-4, Figure 3-1).
Trichloroethylene posed a slight problem, as it is a contaminant
of methylene chloride, the solvent. This was corrected for by
calculating the relative response factor of trichlorocethylene to
other regularly present solvent contaminants (chloroform and
cyclohexene) in pure solvent injections and then subtracting the
appropriate amount of the trichloroethylene peak (as determined
by the pure solvent run) in the runs with the standards.

The linearity of the relative response factor over the two
orders of magnitude studies was evaluated at this point. When
the relative response factors (Table 3-4, Figure 3-2) were
adjusted for dilution and plotted (Figure 3-3), the response
factors were found to be fairly linear over the range of
interest, with the possible exception of the phenols and
naphthalene. The deviation in relative response from the 1:1 to
the 10:1 and 1:10 mixtures (corrected for dilution) is generally
less than 5 percent and always less than 10 percent for all SOCs.
Since the work in the development and optimization experiments
was to be done with roughly 1:1 mixtures of the primary to
secondary internal standards and at the same concentration levels
used in the 1:1 relative response factor determinations, the
relative response factors (including standard deviations)
determined in the 1:1 relationship were used when calculating
recoveries in these studies. If the relative concentrations or
ratios were other than approximately 1:1, the appropriate
adjustment in relative response factor was made.

+
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Table 3-4

RELATIVE RESPONSE FACTORS OF
PRIMARY:SECONDARY INTERNAL STANDARDS

Standard 1:10 1:1

1,1,1-Trichloroethane .0786 .791
(.0060) (.027)

Trichloroethene .0833 . 849
(.0053) (.038)

1,2-Dibromoethane .0581 .640
(.0012) (.014)

Tetrachloroethene .0792 847
(.0017) (.019)

1,1,2,2-Tetrachloroethane .0688 . 754
(.0019) (.032)

Phenol .0898 .989
(.0032) (.027)

2-Chlorophenol .0664 .701
(.0022) (.026)

l1,4-Dichlorobenzene .0972 .980
(.0013) (.005)

Naphthalene .139 - 1.504
: (.009) (.045)

Atrazine .0800 .866
(.0012) (.027)

"Tris(chloropropyl)phosphate .0782 .899
(isomer I) (.0018) (.028)

Tris(chloroprophy)phosphate .0270 .306
(isomer II) (.0012) (.018)

Methoxychlor .1362 1.436
. (.0057) (.054)

(parentheses indicate standard deviations)
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3-4. Evaluation and Optimization of Analytical Methods - CLLE

For the liquid-liquid solvent extraction of SOCs, a
continuous liquid-liquid extractor was chosen. Commercially
available CLLE apparatuses exist for both the extraction with
lighter-than-water solvents such as ether (Figure 3-4) and
heavier-than-water solvents such as methylene chloride (Figure 3-
5). As in EPA's Method 625, methylene chloride was used as the
solvent. This is a very efficient general solvent for SOCs and
is more stable, easier to keep pure, and in general, less
dangerous and easier to handle than the other commonly used
solvent, diethylether. The CLLE equipment used was purchased
from Continental Glassblowing Lab. Inc. in Richland, NJ. Other
glassware and laboratory supplies used are available from most
general suppliers, such as Ace Glass and Fisher Scientific. All
glassware was chromic acid soaked, followed by exhaustive rinsing
with distilled, deionized water and oven drying. Boiling chips,
filter paper, and magnesium sulphate (drying agent) were soxhlet
extracted with methylene chloride. The CLLE apparatus was
generally set up in a hood for safety reasons. Several boiling
chips were placed in the round bottom flask, along with about 250
ml of methylene chloride. One hundred and fifty ml of methylene
chloride were poured into the CLLE apparatus, and 2.0 liters of
the water sample were carefully added and primary internal
standard spiked into the water. The condenser was attached, and
the cooling water and the heating mantle turned on. The heat was
adjusted so that the solvent was kept at a low continuous boil,
with 2-4 drops per second of methylene chloride dripping off the
condenser and into the water sample. Twelve to twenty-four hours
of extraction, a commonly used time for SOC analysis, was used.

Once the extraction was completed, the heat and cooling
water was turned off. The 250 ml of methylene chloride/SOC
extract was transferred to an Erlenmeyer flask with a ground
glass stopper, and the round bottom flask was rinsed once with a
few milliliters of methylene chloride which was added to the
extract. Magnesium sulphate (or sodium sulphate) was added to
the extract as a drying agent and the flask swirled. The
presence of fluffy, "snowy" drying agent that slowly settled
indicated that enough drying agent had been added. The samples
could either be stored at 4°C at this point (with the flask
sealed tightly with Teflon tape) or concentrated right away with
a Kuderna-Danish (K-D) apparatus (Figure 3-6).

*

For the K-D concentration, the extract was filtered through
filter paper directly into the K-D apparatus. The Erlenmeyer
flask was then rinsed with a few milliliters of methylene
chloride which was added to the rest through the filter. The
condenser was replaced and the Bottom 2-3 inches of the K-D
apparatus was submerged in a 70 C water bath. The level of
submersion of the K-D apparatus was controlled so as to keep the
clearly visible evaporating solvent level only slightly beyond
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Figure 3-7
Figure 3-6 Micro-Snyder Column Evaporator
Kuderna-Danish Evaporator

41



the top of the condenser. This rate resulted in evaporation of
the 250-300 ml of methylene chloride to the desired 2-4 ml in
about 2 or 3 hours. Further evaporation was possible by either
attaching a micro Snyder column to the K-D solvent collection tip
(Figure 3-7) and continuing the concentration in the same way as
with the K-D or by transferring the solvent to a sample vial and
allowing it to evaporate (sometimes aided by slight heat from a
hot plate) until the desired final volume of 0.3 - 0.5 ml was
reached. At this point, the sample was ready for addition of the

secondary internal standard and injection onto the GC for
analysis.

Little information is available on the operational aspects
of CLLE and therefore a lot of experiments had to be performed in
order to determine the optimum extraction and concentration
conditions. Having optimized the CLLE conditions, the CLLE was
evaluated against batch LLE. Batch LLE, using separatory
funnels, is the method of choice in EPA's Method 625, and a
direct comparison of CLLE and Method 625 was carried out in a

preliminary experiment, once the optimum conditions had been
estimated.

The parameters studied and experiments performed with the
CLLE were:

1. Extraction time - SOC recovery was determined using
different extraction times. 6, 12, and 24 hour
extraction times were evaluated. The solvent volume was
250 ml, and the pH was not adjusted (pH was 6-7).

Extraction volume - SOC recovery was determined using
different extraction solvent volume. Methylene chloride
volumes of 100, 250, and 400 ml in the round bottom
flask were evaluated. The extraction time was 12 hours,
and the pH was not adjusted (pH 6-7). )
Extraction pH - SOC recovery was determined at different
water sample pHs. pHs of 2, 7, and 12 were evaluated.

The solvent volume was 250 ml and the extraction time 12
hours.

pH variations - SOC recovery was determined at different
water sample pHs, changing the pH once or twice during
the extraction. pH combinations of 7 and 2, 12 and 2,
and 7, 12, and 2 were evaluated. The solvent volume was
250 ml, and the extraction time was 12 hours at each pH,

except for the pH 12 and 2 experiment, which was kept at
each pH for 18 hours.

5. Comparison of CLLE to Method 625 - SOC recoveries were

determined in a preliminary experiment comparing the
optimized CLLE method with EPA Method 625. CLLE
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conditions used were 250 ml of solvent and 12 hours
extraction at each of pHs 7 and 2.

6. Minimum detection limits - Minimum statistically
reliable detection limits were estimated.

All optimization experiments were performed using an initial
SOC concentration of 2-5 ug/l in distilled, deionized water
solutions. For each of the CLLE and CLSA experiments performed,
multiple (generally 4 or 5) setups using the same experimental
conditions were done, including one system blank of deionized,
distilled water. Multiple injections onto the GC were done for
each of the setups, achieving a standard deviation of less than 5
percent (generally 1-2 percent). The results from these setups
were averaged and the final standard deviations calculated. Due
to the propagation of errors, the final standard deviations were
sometimes quite large but generally less than 10 percent of the
analysis value. Natural water matrix effects and source and
finished drinking waters were to be studied later. The results
from these experiments with CLLE are discussed in Chapter IV.

3-5. Evaluation and Optimization of Analytical Methods - CLSA.

For the more volatile SOCs, CLSA was selected as the method
of analysis. A commercially available CLSA apparatus was
purchased for this purpose (Figure 3-8). The CLSA apparatus is
made by Brechbuhler AG in Switzerland and distributed by Erba
Instruments Inc., Peabody, MA. The charcoal filter traps, Teflon
sleeves, sample vials, and sample bottles were also purchased
from Erba Instruments. Good sources of information about
performing CLSA, including possible problems, are Daniel
Cutugno's Master's Thesis (UNC, 1984) on the construction and
operation of a CLSA (Cutugno, 1984) and the commercial literature
accompanying the CLSA apparatus, as well as work done by Grob
(Haeberer and Scott, 1981, pp. 359-370).

The experimental process used in CLSA is straightforward.
Before each use, the charcoal filters were cleaned by passing 5-
10 volumes of a size equal to the filter holder of each of the
solvents acetone, methylene chloride, and carbon disulfide (in
that order) through the filter. The filters were dried by either
placing them in a glass tube under vacuum for 5-10 minutes (most
commonly recommended) or in a drying oven at low heat for several
minutes. The filter was then placed in its place in the CLSA.
Primary internal standard was added to the one liter water sample
in the sample bottle, the sparger put into the bottle, the bottle
submerged into the preheated water bath, and the glass loop
sealed tightly by clamping the ball and socket joints together.
The trap heater was allowed to reach its set temperature, and the
purge/circulation pump was turned on. Water bath temperatures
commonly used were in the 30-50 degree centigrade range, and the
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filter trap heater was Xkept 10°c above the water bath so as to
prevent water condensation. A common purge/run time was 2 hours.
At the completion of the run, the pump, water bath, and trap
heaters were turned off and the loop disconnected.

The charcoal trap/filter holder was removed with the FEP
connection tube which connects the filter holder to the sample
vial (Figure 2-4). The filters were extracted by placing 10 ul
of solvent on the filter, moving the sample vial and filter
holder apart slightly and back together about 20 times (which
moves the solvent back and forth through the filter and extracts
the SOCs). To collect the solvent in the sample vial, a piece of
ice was held against the sample vial. This pulled the solvent
through the filter and beyond to the sample vial. At this point,
the vial/filter holder was swung in the air, forcing the solvent
to the bottom of the sample vial. This extraction process was
repeated twice more, using 5 ul of solvent each time, and the
final solvent volume collected was 10-15 ul (Some solvent is lost
due to evaporation and wetting of the filter.). The filter was
cleaned by running several filter-holder volumes of extraction
solvent through it and was dried in a drying oven before storage.
At the completion of the extraction, secondary internal standard
was added, the vial capped with a Teflon cap, and Teflon tape
wrapped around the top. The samples were generally analyzed by
GC or GC/MS within one or two days. Carbon disulfide is the most
commonly used solvent in CLSA. Methylene chloride is
occasionally mentioned as an elution solvent. Using methylene
chloride would be convenient since it is the solvent used in
CLLE, and the analyses by CLLE and CLSA would be very compatible

and easily compared (use of the same GC columns and GC retention
times for instance).

The CLSA manual and the scientific literature do contain
operational instructions, but these were worked out for
noncommercial CLSA units which may not necessarily perform the
same as commercially produced CLSAs. For this reason, some -
operational parameters needed to be tested and optimized for this

study. The developmental experiments performed to optimize the
process were:

A. Purge temperature - SOC recoveries at various bath/trap
temperatures werg determined. The trap temperature was
maintained at 10°C above the bath temperature. This has
been shown to be the optimum temperature difference.

Thg purge temperatures studied were 25, 30, 37, and
50°C. Purge time was 120 minutes.

B. Purging/stripping time - SOC recoveries after various
stripping times were estimated. Purging times of 30,
60, 120, and 180 ménutes were studied. Purge
temperature was 30°C.
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C. Elution solvent - SOC recoveries using methylene
chloride and carbon disulfide as the elution solvents
were compared. Samples of 100, 200, and 250 ng/l were
run and eluted by methylene chloride and compared to
carbon disulfide eluted runs with 200 ng/l SOCs in the
original sample. The 200 ng/l methylene chloride
samples were eluted a second time with 20 ul solvent to
determine the completeness of the first elution. Pugge
times were 120 minutes, and purge temperature was 30 C.

D. Minimum detection limit - The minimum statistically
reliable detection limit was estimated.

The optimization experiments were performed with SOC
concentrations between 25 and 250 ng/l (generally 100 ng/l) in
distilled, deionized water solutions. Natural water matrix
effects and source and finished drinking waters were studied

later. The results from these experiments with CLSA are
discussed in Chapter IV.

3-6. Application of Methods to Source and Finished Drinking
Waters.

To examine the practical value of the methods that were
developed on "clean" SOC solutions and to determine possible
water matrix effects, application of the methods to natural water
samples was required. These developed methods would also be
compared to EPA's methods by sending samples to a qualified
laboratory for complete SOC analysis.

It was decided to use 3 source waters for the water matrix
effect studies and preliminary SOC identifications. From these
prellmlnary studies, one site was selected for a more thorough
lnvestlgatlon into the SOC contamination of the source water and
its finished drlnklng water. Complete SOC analysis was
performed, applying CLLE and CLSA to the same samples.

In order to select appropriate water sources to study the
SOC analysis methods, the surface water sources in North Carolina
were reviewed. Reports on North Carolina industries (DeRosa,
1984) and NPDES discharge permits were studied.

A variety of personnel at the North Carolina Department of
Environmental Quality (who deal with general fresh water quality
in the state) and the Department of Health and Human Services
(who deal with drinking water quality in the state) were
consulted. The many options were weighed against each other and
points on three different rivers were selected for source waters

with a high potential for SOC contamination (Figure 3-9). The
three water sources were:
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Smith River at Eden, North Carolina - Severe weekly
water quality changes, including color, taste, and odor
have been observed at the Fieldcrest Water Treatment
Plant in Eden. These weekly water quality changes have
been correlated to surges of water from an upstream dam
which opens once a week. This water passes by heavily
industrialized areas before reaching Eden.

Deep River below Asheboro, North Carolina - High Point,
Randleman, Asheboro and other communities discharge
wastes into the Deep River. Gulf and Goldston are two
communities downstream which utilize the Deep River as a
drinking water source. Acute Daphnia toxicity has been

recorded for Deep River water below the Asheboro
wastewater treatment plant.

Yadkin River above Salisbury - A great number of
industrial and municipal waste sources in the Winston-
Salem and other areas upstream from Salisbury discharge

into the Yadkin River. Salisbury uses the Yadkin River
as a drinking water supply.

These three source waters were used to evaluate the water

matrix effects on the recovery of the standard SOCs.

Preliminary

unknown SOC identification was done on these three sources as
well, and one of them was selected for a more in-depth study of
SOCs in the source water, as well as in the finished drinking

water.

Choosing the source for in-depth investigation was based

on the number, concentration, and diversity of the SOCs found in
the preliminary experiments. This source water was also used in

a comparison between the CLLE/CLSA combination and EPA's Methods
624 and 625.

The experiments performed were:

1.

Water matrix effects - SOC recoveries and minimum
detections would be determined using three different

natural waters and compared to those obtained with
“clean" distilled deionized water.

Preliminary SOC identification - preliminary analysis

and identification of SOCs in the three natural water
sources would be done.

In~depth SOC identification of source and finished
drinking water - one of the three natural water sources
would be studied more closely, and SOCs would be

thoroughly identified in its source and finished
drinking water.

Comparison to EPA's methods - SOC spiked source and
finished drinking water from the source under thorough
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investigation would be sent to a qualified lab for
complete SOC analy51s. EPA's Methods 624 and 625 would
be used by the qualified lab and results compared to
simultaneous analysis of the same water, using the CLLE
and CLSA methods.

These studies involved three setups for each water source:
one system blank (distilled deionized water), one with the
unspiked source water (for unknown SOC determination and so as to
be able to account for any presence of the standard SOCs not
originating from the spike), and one with standard SOC-spiked
source water (for percent recovery and water matrix effect
determination). Each of these setups was real, like all
experimental runs in this research, performed 1n duplicate so as
to ensure statistical validity.

GC/MS was employed for identification of unknowns in these
water analyses. Peak areas were obtained in the GC/FID runs, and
once identification was accomplished by GC/MS, the peak areas
could be used for estimating concentrations. The quantification
was done by first calculating the relative response of the SOC of
interest to the secondary internal standard that is chemically
most similar to it. Knowing the relative response of the
primary:secondary internal standards which are closest to the SOC
of interest in characteristics (and making appropriate
adjustments if necessary), knowing the percent recovery in the
water matrix of the SOC standard to which the SOC of interest is
similar, and knowing the concentration of the secondary internal
standard allowed for estimates of SOC concentration. This is
admittedly an estimation since the assumptions and extrapolations
are based on SOCs that are chemically similar but not identical.
A greater degree of confidence in the results would be obtained
by the use of radiolabelled isotopes or water matrix recovery
studies for each of the SOCs identified in the natural waters,
which neither time nor resources allowed. The approximate
concentrations calculated probably have no more than a 50 percent
error margin or standard deviation, which is fairly good for '
organic analysis at these concentration levels. The approximate
concentrations reported give a good picture of the SOCs present,
the relative importance of the various contaminants, and an idea
of the amount of each of the SOC contaminants. In the comparison
study of EPA's methods to the CLLE/CLSA methods, SOC-spiked
source and finished drinking waters were used to enable
comparison of the methods in terms of their analysis for the
standard SOCs, as well as for the unknowns present.

The results from these experiments with CLLE and CLSA and
natural water samples are discussed in Chapter IV.

Water samples were obtained in clean glass bottles. The -

glass sampllng containers were soaked in chromic acid, rinsed
with copious amounts of distilled, deionized water, and then
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solvent rinsed with either acetone or methylene chloride.
Sampling containers were allowed to dry prior to obtaining water
samples. One gallon amber glass sample bottles were used for

CLLE samples, and one or two liter CLSA bottles with ground glass
tops were used for CLSA samples.

Samples of influent and effluent water from the Fieldcrest
Water Treatment Plant were taken from the influent and effluent
sampling taps there. These sampling taps were opened and allowed
to run freely for several minutes, prior to obtaining a sample
for analysis of SOCs. River water samples were obtained from the
sites designated in the text. The procedure for obtaining river
water samples involved wading out into the river several feet
from the bank and then obtaining the water sample by completely
submerging the sampling container below the surface of the water.

3-6-A. In-Depth SOC Analy51s of the Smith River - Background and
Experimental Design.

As mentioned in the last section, an in-depth investigation
of one water source was to be performed. The quantity and
diversity of SOCs in the Smith River made this the source chosen.
This source was also chosen because of an interesting current
water quality problem. The background to this water quality

problem and the experimental design for applying the analysis
methods to the Smith River follow.

The Fieldcrest Water Treatment Plant (which uses the Smith
River as its water source) has for a long time provided the city
of Eden and Fieldcrest Mills (textile factories) with potable
water. As the city of Eden grew, so did the demand for water,
and the city built the Eden Water Treatment Plant which uses the
Dan River as the water source (the Smith and Dan Rivers converge
just south of Eden). 1In order for Fieldcrest Mills to receive
water from their Water Treatment Plant and for the city to
utilize the existing distribution system, both the Eden and -
Fieldcrest Water Treatment Plants put their finished water into
the same distribution system, and both, in effect, supply the
Fieldcrest Mills and the private citizens of Eden with their
water. The Fieldcrest Water Treatment Plant contributes about
one-third of the water in the distribution systenm.

B

Operators at the Fieldcrest Water Treatment Plant and the
water consumers of Eden have reported water quality problems for
several years. The water treatment plant influent is reddish
black on regular occasions, which frequently results in taste and
odor complaints. The water quality problem seems to be a weekly
phenomenon and occurs mainly during the fall, winter, and spring.
Sometime between late Monday evening and Wednesday morning is the
peak in poor water quality. At this time, the water changes to
reddish black, the pH will occasionally increase by up to one pH
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water sample was sampled 12 hours after the influent sample,
which is the theoretical time it takes the water to pass through
the plant. The water treatment plant is relatively old but well
maintained. It chlorinates the plant influent, uses conventional
alum flocculation, precipitation and settling, and filters
through anthracite filter beds.

3-6-B. Comparison of CLLE/CLSA to EPA's Recommended Methods for
Broad Spectrum Analysis.

As mentioned in Section 3-6, a comparison of CLLE/CLSA
methods to the EPA recommended methods (Methods 624 and 625) were
performed to fully understand the applicability of the methods
developed. Four samples were sent to a modern qualified
laboratory for broad spectrum analysis by EPA's methods. These
methods are Method 624 (volatile SOCs) and Method 625
(nonvolatile/extractable SOCs). In order to compare the methods,
not only for the analysis of the SOCs in the natural water, but
also for the SOC standards used in this work, the 12 standard
SOCs were spiked into the water samples as well.

The samples analyzed were:

1. Fieldcrest Water Treatment Plant influent with 0.5 ug/1
SOC standards by CLSA and Method 624.

2. Fieldcrest Water Treatment Plant influent with 5 ug/1l
SOC standards by CLLE and Method 625.

3. Fieldcrest Water Treatment Plant finished water with
0.125 ug/l SOC standards by CLSA and Method 624.

4. Fieldcrest Water Treatment Plant finished water with 2
ug/1l SOC standards by CLLE and Method 625.

One of each of the four samples was delivered to the
qualified laboratory for analysis by Methods 624 and 625, and
another identically spiked and treated of each of the four
samples was analyzed by CLSA and CLLE within a few days at the
Department of Environmental Sciences and Engineering.

After the completion of this project, further work was done by
State and Federal officials to address the water quality problems
of Eden. The North Carolina Department of Environmental
Management, official from Virginia, and personnel from EPA
Regions 3 and 4 completed a special study on the problem. The
Martinsville Waste Water Treatment Plant was found to be a major
source of the contamination. NPDES permits are in the process of
being modified, and a new WWTP is being proposed that would have
its NPDES permit adjusted to reflect the results of the study.

Additionally, the Fieldcrest WTP recently incorporated treatment
with polymers.
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CHAPTER IV. RESULTS AND DISCUSSION

4-1. CLLE Optimization Experiments.

CLLE was the method chosen for development for the analysis
of less volatile SOCs. The results from the evaluation and
optimization experiments follow here.

Figures 4-1 and 4-2 show GC runs typical of the CLLE methods
optimization experiments. It is important to note that three of
the volatile SOCs used as standards (1,1,l-trichloroethane,
trichloroethylene, and tetrachloroethylene) appear to be
methylene chloride (extraction solvent) artifacts which are
present in blanks at unpredictable levels. These SOCs are not
present in the original solvent as are some other SOCs (Figure 4-
3) but do appear in methylene chloride concentrated by Kuderna-
Danish (Figure 4-4) at levels much higher than concentration can
explain. For this reason, the CLLE results for these SOCs are
considerably less reliable than for the other SOCs. These three
SOCs can be analyzed for well with CLSA though, so one does not
have to rely on CLLE for their analysis.

4=-1-A., CLLE - Extraction Time Optimization.

The optimum extraction time at which an increase in
extraction time does not produce a noticeable increase in
extraction efficiency was determined in these experiments. The
percent recoveries of each of the 12 SOC standards were
determined at the 3 extraction times tested (6, 12, and 24 hours)
(Table 4-1, Figure 4-5).

Three volatile SOCs (1,1,l-trichloroethane,
trichlorocethylene, tetrachloroethylene) are inconsistent and
unpredictable in CLLE analysis due to their presence as solvent .
artifacts. The phenols are also poorly recovered, with
recoveries of less than 10 percent for phenol and 0 for 2-
chlorophenocl. The very water soluble phenols are poorly
recovered in most methods that involve removal of the SOC from
the water matrix, which includes all commonly used methods of
analysis except for some HPLC techniques. The phenols are better

recovered at lower pHs, which will be evident in the results from
other experiments.

The extraction efficiency increases beyond 6 hours but not
beyond 12 hours extraction for most SOCs. There is a levelling
out of extraction efficiency in the 10-12 hour extraction range.

In this study, 12 hours will be used as the optimum extraction
time.
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Table 4-1

CLLE - SOC PERCENT RECOVERIES
vs. EXTRACTION TIME

Extraction Time (hrs.)

Standard 6 12 24
1,1,1-Trichlorocethane * 0 0 0
Trichloroethene ¥ 4.5 5.2 15.9

(16.3) (15.4) (13.0)

1,2-Dibromoethane (EDB) 66.9 68.9 65.7
' (5.0) (8.1) (6.1)
Tetrachloroethene ¥ 0 36.2 38.5

1,1,2,2-Tetrachloroethane 49.2 60.8 60.8
(4.2) (3.3) (6.5)

Phenol 1.3 9.1 7.3
(2.6) (7.2) (4.7)

2-Chlorophenol 0 0 0
Naphthalene 52.4 58.2 59.1
(3.7) (3.6) (4.2)

1,4-Dichlorobenzene 33.9 39.0 ©36.3
(3.7) (1.0) (3.7)

Atrazine 25.4 71.4 76.8
(11.1) (13.6) (11.5)

Tris(chloropropyl)phosphate 57.0 77.8 79.4
(11.7) (12.5) (10.6)

Methoxychlor 87.2 91.6 90.1
(6.0) (2.8) (3.5)

* substantial amount present in blank sample
parentheses indicate standard deviations
conditions: pH=7, 250 ml extraction volume, 2.5ug/1 SOC std.
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4-1-B., CLLE - Extraction Volume Optimization.

The percent recoveries for each of the 12 SOC standards were
determined with three different extraction solvent volumes (100,
250, and 400 ml) (Table 4-2, Figure 4-6). Most SOCs show a very
moderate to virtually no increase in recovery, with increase in
solvent volume. The solvent volume appears not to affect the SOC
extraction efficiency as long as a certain minimum amount of
solvent is used.

There were some inconsistencies in the results.
Tetrachloroethylene is recovered fairly well (36 percent) at 250
ml but not at all at 100 or 400 ml. This is one of the volatile
SOCs not reliably analyzed for by CLLE. The phenols do exhibit a
slight increase in efficiency with increased solvent volume, but
the large deviations in the results for the phenols (probably due
to the unfavorable pH for phenol extraction) make these results
questionable.

Large solvent volumes resulted in more contamination and
dirtier blanks. A solvent volume of 250 ml was most appropriate
for the operation of the CLLE apparatus and resulted in an
overall extraction efficiency at least as good, if not better,
than the other volumes. It was thus determined that 250 ml of
methylene chloride was the optimum solvent volume to be used in
the CLLE.

4-1-C. CLLE - pH Optimization.

The percent recoveries for each of the SOC standards were
determined at three pHs (2, 7, and 12) to determine the optimum
pH (Table 4-3, Figure 4-7). The pH is not a linear scale, and
the presentation of extraction efficiency versus pH in Figure 4-7
does not show the whole, true picture. The chemical
characteristics (such as extraction efficiency) of an SoOC
generally change drastically around its pK_ and do not follow the:
simplified linear relationship depicted inZthe figure. This plot
does, however, give an indication of how well the SOCs are
extracted at three commonly used pHs.

The extraction efficiency was highest at unadjusted pH (pH
of 6-7) for all SOCs. Problems with recovering the phenols are
once again obvious, and the large standard deviations in the
recoveries of the phenols are a proof of this problem, indicating
the unpredictable and generally low extraction efficiency of
phenols. It was surprising that the phenols did not exhibit
better recovery at the lower pH. However, the low pH samples
were quite dirty, resulting in large standard deviations and low
reliability for the SOC data. The recoveries of the SOCs at the
higher pH are also poorer than one might expect, all being less
than 50 percent recovered. This is surprising, in particular,
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Table 4-2

CLLE - SOC PERCENT RECOVERIES
vs. SOLVENT VOLUME

Extraction Volume (mls)

Standard 100 250
1,1,1-Trichloroethane ¥ 0 0
Trichloroethene * 0 5.2

(15.4)
1,2-Dibromoethane (EDB) 63.9 68.9
(11.2) (8.1)
Tetrachloroethene ¥ 0 36.2
(8.9)
1,1,2,2-Tetrachloroethane 58.1 60.8
(4.6) - (3.3)
Phenol 3.8 9.1
(3.8) (7.2)
2-Chlorophenol 2.6 0
(2.6)
Naphthalene 68.2 58.2
(4.4) (3.6)
l,4-Dichlorobenzene 38.9 39.0
(2.1) (1.0)
Atrazine 54.8 71.4
(1.6) (13.6)
Tris(chloropropyl)phosphate 76.5 77.8
(3.5) (12.5)
Methoxychlor 94.9 91.6
(4.7) (2.8)

*¥ substantial amount present in blank sample
parentheses indicate standard deviations
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Table 4-3

CLLE - SOC PERCENT RECOVERIES
vs. EXTRACTION pH

Extraction pH

Standard 2 7 12
1,1,1-Trichloroethane * 0 0 0
Trichloroethene * 4.3 5.2 0

(4.4) (15.4)
I,2-Dibromoethane (EDB) 47.9 68.9 41.3
(12.9) - (8.1) (6.9)
Tetrachloroethene ¥ 0 36.2 0
(8.9)
1,1,2,2-Tetrachloroethane 46.6 60.8 -0
(12.3) (3.3)
Phenol 8.5 9.1 0
(9.6) (7.2)
2-Chlorophenol 0 0 0
Naphthalene 53.2 58.2 390.2
(23.3) (3.6) (4.5)
1,4-Dichlorobenzene 36.8 39.0 23.8
(11.3) (1.0) (1.3)
Atrazine 8.8 71.4 16.0
(13.7) (13.6) (0.2)
Tris(chloropropyl)phosphate 49,2 77.8 49.3
(7.9) (12.5) (4.3)
Methoxychlor 74,9 91.6 42.0
(30.7) (2.8) (1.1)

-~
™

substantial amount present in blank sample
parentheses indicate standard deviations
conditions: 250 ml extraction vol., 12 hrs., 2.5ug/1 SOC std.
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for a slightly basic SOC such as atrazine, which would be
expected to be extracted well at a higher pH. The unadjusted pH
of 6~7 appears to be the best pH for the extraction of the SoOC
standards, based on this experimental data.

4-1-D. CLLE - pH Variations and Complementary pHs.

The extraction efficiencies for the SOC standards were
evaluated at three pH combinations, 12 and 2, 7 and 2, and 7, 12,
and 2, and the results are presented in Table 4-4 and Figure 4-8.

A pH combination of 7 and 12 proved to have the best
extraction efficiency, even though its extraction time was 24
hours, as opposed to 36 hours for the other two pH conditions.
The recoveries were 10-30 percent higher for most SOCs using the
pH 7 and 2 combination as compared to the other pH combinations.
Additionally, these two other pH combinations resulted in more
contamination (and dirtier blanks) than the 24 hour extraction,
in particular, for the triple pH (7, 12, and 2) runs. Based on
these experiments and those presented in the last section, a pH
of 12 seems not to benefit the extraction efficiency for any of
the SOC standards under any of the conditions tested. An
interesting observation in these experiments, as well as in those
presented in 4-1-C, is that 1,1,2,2-tetrachloroethane appears to
need a neutral or acidic initial pH to be extracted. An initial
alkaline pH results in no extraction at all of this SOC, possibly
due to base degradation of it. In these experiments, the phenols
are far better extracted than in earlier experiments, in
particular with the pH 7 and 2 combination. The pH combination
of 7 and 2 appears to have the highest extraction efficiency of
any single pH or combination of pHs.

It should be pointed out that a pH of 7 and 2 may not
necessarily be the best combination for all SOCs, even though it
is good for the SOC standards in this study. There are SOCs and
groups of SOCs with characteristics that might make another pH' or-
PH combination better for their extraction, and if their presence
is suspected, the method can be modified. For initial, broad
spectrum screening and analysis of a sample, the extraction pH
combination of pH 7 and 2 appears to be the most efficient.

4-1-E. Preliminary Comparison of CLLE and EPA Method 625.

Having optimized the various parameters for CLLE of
solutions containing SOCs, a preliminary comparison of CLLE to
the traditionally used separatory funnel (using EPA Method 625)
could be made. The extraction efficiencies of both methods were
evaluated and compared (Table 4-5, Figure 4-9).
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Table 4-4

CLLE - SOC PERCENT RECOVERIES

vVs.

Standard

1,1,1-Trichloroethane *
Trichloroethene *

1,2—Dibromoethane (EDB)
Tetrachloroethene *
1,1,2,2-Tetrachloroethane
Phenol

2-Chlorocphenol
Naphthalene
1,4-Dichlorobenzene
Atrazine

Tris(chloropropyl)phospha

Methoxychlor

pH VARIATIONS

Fxtraction pHs

7,2

49.5
(2.7)

88.9
(2.7)

te 91.6
(5.0)

86.3
(5.6)

7,12,2

74.8
(9.1)

37.7
(2.5)

65.7
(3.2)

74.0
(9.4)
91.8
(5.6)

* substantial amount present in blank sample

parentheses indicate standard deviations
2.5ug/1 SOC std.

conditions: 250 ml extrac

tion volume,
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Table 4-5

PRELIMINARY COMPARISON OF EXTRACTION EFFICIENCY
OF CLLE TO EPA METHOD 625

Method
Standard ) - CLLE 25
1,1,1-Trichloroethane * 0 0
Trichloroethene * 3.8 20.3
(3.3) (2.7)
1,2-Dibromoethane (ED3B) : 76.6 83.6
' (5.9) (2.9)
'fetrachloroethene * . 42.5 47.6
(17.3) (7.8)
1,1,2,2-Tetrachloroethane 74.6 20.6
(6.4) (2.0)
Phenol 36.6 30.3
(4.2) (2.9)
2-Chlorophenol 29.7 65.6
(3.1) (6.8)
Naphthalene 83.1 86.7 '
(7.8) (1.3)
1,4-Dichlorobenzene 49.5 70.3
(2.7) (1.8)
Atrazine 88.9 80.4
(2.7) (3.1)
Tris(chloropropyl)phosphate 91.6 88.7
' - (5.0) (13.30
Methoxychlor 86.3 88.1
(5.6) (4.3)

&
ry

substantial amount present in blank sample
parentheses indicate standard deviations

conditions: pH=7, 230 ml extraction volume, 2.5ug/l SOC std.
2x12 hrs. extraction time for CLLE
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4-2. CLSA Optimization Experiments.

CLSA was the method chosen for the analysis of the more
volatile SOCs. Flgures 4-10 and 4-11 show GC runs typical of
CLSA methods optimization experiments. Prellmlnary CLSA runs
indicated that there would be no problems with the three volatile
SOCs that were poorly recovered by CLLE. Their presence as
solvent artifacts is not a problem, since carbon disulfide is
used instead of methylene chloride as the solvent. In CLSA, the
solvent is not concentrated, and benzene (a carbon dlsulflde
contaminant) and diacetone alcohol (from the acetone in which the
SOC standards were dissolved) are the only SOCs attributable to
the solvent found in CLSA runs (Figures 4-12 and 4-13). The
three least volatile of the SOC standards (atrazine,
trls(chloropropyl)phosphate, and methoxychlor) were not
volatilized and recovered by CLSA. These are, however, recovered
very well by CLLE. CLSA was able to analyze for the SOC
standards in the volatility range from naphthalene to 1,1,1-
trichloroethane, except for the highly polar phenols and 1 2-
dibromoethane. Occasionally, 1,2-dibromoethane, the more
volatile of these three SOCs, was recovered by CLSA, but this was
unpredictable. CLLE complements CLSA well, since 1t is capable
of analyzing for these SOCs. CLLE analyzed for the SOC standards
in the range from 1,2-dibromoethane to methoxychlor. The two
methods thus appear to complement each other well (Figure 4-14).

4-2-A. CLSA - Purge Temperature Optimization.

The effects of purge temperature on efficiency are shown in
Table 4-6 and Figure 4-15. The purge temperature did not
51gn1flcantly affect the efficiency of SOC recovery. The more
volatile SOCs are recovered slightly better at lower temperatures
and the less volatile somewhat better at higher temperatures. It
appears that once good volatilization is achieved for any given
SOC, additional temperature increases decrease the trapping
eff1c1ency of the charcgal filter. For the SOC standards, a

purge temperature of 30~ appears to be best, and this will be the
temperature used in this work.

4-2-B. CLSA - Purge Time Optimization.

Table 4-7 and Figure 4-16 show the effects of varying purge
times. As with purge temperature, the purge time does not appear
to 51gn1f1cantly affect the recovery of the SOCs. The less
volatile SOCs are recovered sllghtly better with longer
extraction times, whereas the highly volatile SOCs are recovered
well at shorter extraction times (pos51bly due to losses through
minute leaks in the system). Once a minimum required purging
time for acceptable recovery is met, there appears to be little
reason to extend it, since the amount of contamination clearly
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Table 4-6

CLSA - SOC PERCENT RECOVERIES

vs. PURGE TEMPERATURE

Standard
l,l,l—Trighloroethane
Trichloroethene
1',2-Dibromoethane EEDB)
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Phenol
2-Chlorophenol
Naphthalene
1,4-Dichlorobenzene
Atrazine
Tris(chloropropyl)phosphate

Methoxychlor

56.
(2.

43,
7.

38.
(3.

62.
(2.

Purge Temperature (oC)

(3]

i~
~

— Wn

parentheses indicate standard deviations

conditions: trap temp.=10oc above bath,

75

00 3 50
28.2 14,4 8.2
(3.9) (4.8) (4.6)
33.8 14.6 20.7
(3.8)  (2.4) (4.2)
-0 0 0
56.7 44,4 45.1
(4.4) (4.9) (2.4)
57.4 39.6 33.7
(2.5) (z2.7) (2.4)

0 0 0

0 0 0
43.6 36.9 44,1
(3.53) (3.6) (4.3)
67.4 56.9 69.1
(1.6) (2.7) (3.1)

200ng/1 SOC std.
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Table 4-7

CLSA - SOC PERCENT RECOVERIES
vs. PURGE TIME

Purge Time (minutes)

Standard 30 60
1,1,1-Trichloroethane 26.5 29.2
(3.7) (4.7)

Trichloroethene 37.6 31.1
(6.9) (3.6)

},2-Dibromoethane (EDB) 0 0
Tetrachloroethene 44,3 46.2
(5.8) (3.6)

1,1,2,2-Tetrachlorocethane 54.2 46.4
(3.5) (7.2)

Phenol 0 0

2-Chlorophenol 0 0
Naphthalene 22.5 38.4

l1,4-Dichlorobenzene 37.4 58.2

Atrazine — -
-Tris(chloropropyl)phosphate -— -

Methoxychlor - -

parentheses indicate standard deviations
conditions: purge temp.=300C, 200 ng/l SOC std
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45.3 .|
(3.9)

64.1
(3.7)
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Table 4-8

CLSA - SOC PERCENT RECOVERIES, COMPARING METHYLENE

CHLORIDE TO CARBON DISULFIDE AS ELUTION

Solvent

SOLVENT

Standard MeCl 1 MeCl 2
1,1,1-Trichloroethane 12.1 11.8
(3.5) (4.2)
Trichloroethene 5.7 4.8
(3.7) (4.6)
1,2-Dibromoethane (EDB) 0 5.4
(4.7)
Tetrachloroethene 25.3 37.2
a (3.2) (5.2)
1,1,2,2-Tetrachloroethane 32.6 35.6
(4.0) (3.3)
Phenol 0
2-Chlorophenol 0
Naphthalene 23.2 40.4
(9.5) (14.1)
l,4-Dichlorobenzene 38.5 63.8
(3.9) (&.7)

Atrazine -
Tris(chloropropyl)phosphate -

Methoxychlor -

parentheses indicate standard deviations
conditions: 300C purge temp., 120 min.

80

40.3
(8.9)

21.5
(4.3)

15.3
(2.3)
56.3
(2.5

purge time.
MeCl 1=100 ng/1 SOC std., MeCl 2=250ng/1 SOC std., MeCl 3=
200 ng/1 std., MeCl 3/2=MeCl 3 extracted a second time with
20 ul solvent, CS2= 200 ng/l SOC std.

MeCl 3 MeCl 3/2 CS2



Table 4-9

CLSA - SOC PERCENT RECOVERIES

vs. SOC CONCENTRATION

SOC Concentration (nz2/1)

Standard 25 50

1,1,1-Trichloroethane 36.1 28.7
(6.8) (5.2)

Trichloroethene 76.1 57.8
: (5.7) (6.1)
1,2-Dibromoethane (EDB) 34,4 8.2
(4.8) (6.4)

Tetrachloroethene 58.5  66.3
(6.4) (4.7)

1,1,2,2-Tetrachloroethane 72.6 54.3
(4.6) (5.3)

Phenol - —_

2-Chlorophenol - -

Naphthalene 46.9 45.9

1,4-Dichlorobenzene 76.6 68.8

Atrazine - -

- Tris(chloropropyl)phosphate - -

Methoxychlor - —

parentheses indicate standard deviations
conditions: Bath temp=300C, Purge time=120

81l

100 200

(5.4) (3.7)
33.1 33.8
(&4.7) (3.8)
0 0
64.5 56.7

48. 4 43.9
(3.1)  (3.3)
61.3 67.4
(3.8) (1.6)

min., Solvent=CS2
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is the minimum amount required for adequate GC response, a 10
ng/l sample would be the minimum detection limit. This should be
possible, even when taking the lower than 100 percent recoveries
into account, by increasing the injection volume to 1.5-2.0 ul.

The one order of magnitude greater sensitivity possible with
the GC-FID should make it possible to further lower the minimum
detection limit (in spite of the increased noise that would
result) below the 10 ng/l level estimated for the CLSA under the
conditions used in this work. A 2 liter sample bottle can also
be used instead of the one liter used in this work, which ideally
would double the amount of SOC available for analysis. The
volume of solvent (carbon disulfide) could probably also be
decreased somewhat without decreasing the recoveries
proportionately. These steps should bring the minimum detection
limit of CLSA to low ng/l levels. EPA's recommended method for
the analysis of a broad range of volatile SOCs, Method 624 (a
purge and trap method), is generally considered to have a minimum
detection limit in the 500 ng/l to 10 ug/l range for the SOCs for
which it is applicable. Methods 624 and 625 use an MS as the
detector, which may have a slightly lower sensitivity than the
FID used in the CLSA work. This difference does not, however,

account for the 2-3 order of magnitude difference in detector
limit.

4-3, Application of CLLE and CLSA Methods to Source and
Finished Drinking Waters.

As explained in Section 3-6, the Deep River, Yadkin River,
and Smith River were chosen as water sources for an initial
survey, each being sampled and analyzed once at about the same
time. The Smith River was chosen for a more in-depth study
because of an interesting current water quality problem with this
water source and clearly evident SOC contamination.

4-3-A. Water Matrix Effects.

The diverse and numerous constituents that make up a natural
water matrix were expected to affect the analysis of SOCs. The
SOC standards were again used and their recoveries from natural
waters determined and compared to recoveries obtained in the

"clean" water studies in Sections 4-1 and 4-2 to study matrix
effects.

The results from the water matrix experiments with CLLE are
presented in Tables 4-10 and 4-11 and percent recoveries compared
to those obtained with clean SOC solutions (Table 4-5).
Similarly, the CLSA water matrix results are presented in Tables
4-12 and 4-13 and compared to the data in Table 4-9.
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Table 4-10

CLLE WATER MATRIX EFFECTS. SOC PERCENT
RECOVERY FOR NATURAL WATERS

Water Source

Standard Deep** Yadkin Smith Az Smith Ab

1,1,1-Trichloroethane * - -

Trichloroethene * 28.1 - - -
(13.9)

1,2-Dibromoethane (EDB) 59.2 70.1 76.1 77.9
(7.6) (3.9) (6.2) (4.1)

Tetrachloroethene * 70.9 82.1 40.3 40.1

. (17.3) (13.8) (4.7) (3.6)

1,1,2,2-Tetrachloroethane 53.8 66.5 §3.1 5.9
(4.7) (6.9) (7.1) (1.1)

Phenol 36.8 15.1 21.4 11.2

(8.1) (3.0) (4.2) (2.2)

2-Chlorophenol 0 25.5 20.5 12.6
(2.9) (3.5) (3.1)

Naphthalene 45.3 62.6 68.7 69.3
(5.9) (4.0) (4.7) (4.8)

1,4-Dichlorobenzene 58.1 49.5 62.3 ° 61.5
(11.5) (3.4) (5.2) (5.9)

Atrazine * %% 71.4 68.4 61.3
(2.9) (2.5) (3.1)

Tris(chloropropyl)phosphate * %k 75.6 48.6 46.5
(5.3) (4.7) (5.9)

Methoxychlor * %k 41.7 72.1  70.2
(7.4) (4.3) (3.6)

* substantial amount present in blank sample
** 2.5 ug/l spike rather than 5 ug/l
*** not chromatographically resolved
parentheses indicate standard deviations
‘Smith Aa = Smith River, extraction pH = 7, 2, 5/3/85
Smith Ab = Smith River, extraction pH = 12, 2, 5/3/85
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Table 4-11

CLLE -WATER MATRIX EFFECTS - SOC PERCENT
RECOVERY FOR NATURAL WATERS

Water Source

Standard Smith B .~ Smith Ca Smith Cb

™,

1,1,1-Trichlorocethane * —_ - _

V)

Trichloroethene % - _ -

1,2-Dibromoethane (EDB) 69.2 63.4 34.0
' (5.0) (4.1) {(4.0)
Tefrachloroethene ¥ 59,2 56.2 25.3
(7.3) (5.9) (6.1)
1,1,2,2-Tetrachloroethane 77.1 76.5 * % %
(5.2) (5.1)
Phenol * k% 0 * % %
2-Chlorophenol * % %k 0 * % %k
Naphthalene 68.4 72.1 51.3 )

(4.0) (4.5) (5.3)

1,4-Dichlorobenzene 56.7 55.8 22.9
(4.3) (3.7) (4.4)

Atrazine 55.6 48,9 22.7
(6.3) (4.8) (3.9)

Tris(chloropropyl)phosphate 54.8 63.2 25.9
. (4.6) (5.6) (4.7)

Methoxychlor 66.8 69.1 58.6
(5.1) (4.4) (4.9)

* substantial amount present in blank sample
*** not chromatographically resolved
parentheses indicate standard deviations

Ca = Eieldcrest WTP influent, Cb = Fieldcrest WTP effluent (6/10/85)
B = Fieldcrest WTP influent (5/15/85)
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CLSA - WATER

Standard
1,1,1-Trichloroethane
Trichlorocethene
1,2-Dibromoethane (EDR)
Tetrachloroethene
1,1,2,2-Tetrachloroetha
Phenol
2-Chlorophenol
Naphthalene
l,4~-Dichlorobenzene
Atrazine
Tr;s(chloropropyl)phosp

Methoxychlor

* indicates 500 ng/l spike rather than 100 ng/l

Table 4-12

MATRIX EFFECTS.

SOC PERCENT
RECOVERIES FOR NATURAL WATERS

Water Source

Deep Yadkin Smith A Smith B Smith

* % %

16.4
(4.2)

" 23.1
(3.6)

1" 0
" 40.5
(3.0)

ne

" 56.2
(5.7)

(5.3)

(4.8)

hate = -- -

*** not chromatographically resolved
parentheses indicate standard deviations
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23.3
(4.7)

45.3
(7.8)

48.1
(13.0)

50.9
(5.9)

46.3
(4.9)

26.1
(5.6)

31.9
(7.1)

38.7
(4.3)

55.5
(5.9)

16.9
(5.1)

26.8
(3.1)

10.3
(6.6)

33.9
(4.2)

33.
(2.
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Table 4-13

CLSA - WATER

MATRIX EFFECTS.

RECOVERIES FOR NATURAL WATERS

Standard

s

SOC PERCENT

Smith River Water

Séurce Upstream Influent Finished

1,1,1-Trichloroethane
Trichloroethene
1,2-Dibromoethane (EDB)
Tetrachloroethene
1,1,2,2-Tetrachlorocethane
Phenol

2-Chlorophenol
Naphthalene
l1,4-Dichlorobenzene
Atrazine
"Tris(chloropropyl)phosphate

Methoxychlor

22.1
(3.9)

36.3
(5.0)

39.1
(12.7)

47.4
(5.3)

41.9
(4.3)

12.8
(3.8)

24.3
(4.8)

10.2
(7.9)

24.6
(3.9)

25.7
(3.2)

*** not chromatographically resolved
parentheses indicate standard deviations

conditions:
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16.9
(5.1)

26.8
(3.1)

10.3
(6.6)

33.9
(4.2)

33.96
(2.7)

0

0

* % %

2
.7)

~.
~1

~1 O
O
~—

100, 200, 500 and 125 ng/l spike respectively



For the CLLE samples, various water matrix effects could be
observed. The Deep Rlver sample was heavily contaminated, and
this generally resulted in decreased recovery and 1ncreased
varlablllty (standard deviation) as compared to the clean water
solutions. The Fieldcrest Water Treatment Plant finished water
sample also contained large numbers and high concentrations of
organic compounds, and SOC recoveries were smgnlflcantly reduced.
For the other less contaminated sources, the Yadkin River and
Smith River waters (other than finished water from the treatment
plant), matrix effects were less evident, and reduced recoveries
were observed mostly for the large molecular weight SOCs such as
atrazine and trls(chloropropyl)phosphate. The phenols exhibited
unpredlctablllty again. In an extraction performed at pH 12 and
2 (source: Smith Ab), recovery of 1,1,2,2-tetrachloroethane and
the phenols was 51gn1f1cantly poorer than at pH 7 and 2 (source:

Smith Aa), supporting the previously mentioned hypothesis of base
degradation of 1,1,2,2-tetrachloroethane.

For the CLSA samples, the matrix effects are comparable to
those seen with the CLLE. The greater concentration factor in
CLSA appears to make it somewhat more sensitive to the various
types of water matrix interferences (Tables 4-12, 4-13, 4-9).

The two most contaminated samples (the Deep Rlver and the
finished water from the Fieldcrest Water Treatment Plant) show
severe matrix interference. The Deep River sample was so heavily
contaminated that none of the SOCs could be ohromatographlcally
separated and identified. Due to poor chromatography, it is
difficult to identify the type of contamination, but it appeared
to be hydrocarbons. The Fieldcrest Water Treatment Plant
finished water had such a great number of intermediate volatility
compounds at high concentrations that the SOC standards in the
elution range from tetrachloroethylene through the phenols could
not be identified. The high concentrations of these SOCs make it
more difficult for the SOC standards to compete for the binding
sites on the small charcoal filter of the CLSA, partially
excluding them from analysis at an early stage. For the other
cleaner samples, there was a 10-40 percent reduction in the )
recovery of the SOC standards and slightly increased standard
deviations (decreased reproduc1b111ty) as compared to the "pure"
SOC solution results discussed in Section 4-2 (Table 4-9). The
more volatile SOCs appear to be only sllghtly affected by the
matrix, just as in CLLE. An interesting deviation from this
reduced recovery trend was 1,2- dlbromoethane, which showed better
recovery in some of the natural waters than in pure solutions.
This could possibly have been due to water matrix constituents
which decreased the water solubility of 1,2-dibromcethane, but
the variability in this SOC's recovery were so great that
conclusions were difficult to make.

In the different sources studies, the water matrix

contributed to reduced SOC recovery from 0 to 50 percent.
Overall, the natural water matrices decreased the predictability
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and reproducibility of SOC analysis to a varying degree. Even
the same water source had different water matrix effects from one
day to the next, as seen in the data for Smith A, B, and C. The
components that create these water matrix effects are numerous
and cannot easily be identified, and their relative importance in
altering the SOC recovery is unknown. For this reason, each
source or sample has to be studied for its particular water
matrix effects (using a number of representative internal
standards) in order to determine the applicable SOC recoveries to

be used when identifying and quantifying SOCs in that particular
water.

4-3-B. Preliminary SOC Survey.

The preliminary survey of the Deep, Yadkin, and Smith Rivers
included an attempt to identify SOC contaminants in those water
sources. The Smith River was chosen for an in-depth study
(Section 4-3-D). Smith A is the first sample taken and used for
the preliminary SOC survey, and the samples referred to as Smith
B and Smith C are from later sampling dates of the Smith River
for the more in-depth study. ‘

The results from preliminary SOC analysis and quantification
(according to the method explained in Section 3-6) of the three
natural water samples by CLLE and CLSA are presented in Tables 4-
14, 4-15, and 4-16.

The Deep River water was so heavily contaminated (probably
due to the sampling site's proximity to the Asheboro Wastewater
Treatment Plant discharge site) that satisfactory analysis was
not possible. The amount and number of components in the sample
was so great that separation and analysis was possible for very
few of the compounds present. For this reason, MS analysis was
not performed on these samples, and the SOCs reported in Table 4-
14 are only a fraction of the compounds actually present. Many
compounds were present at concentrations greater than those of
the few reported. Substantial dilutions of the Deep River
samples might have made analysis possible but probably only for
the dominant contaminants at the highest concentrations. The SOC
contaminant present at the highest concentration of those that
could be identified in the Deep River was toluene, which was
present at 5-10 ug/l levels. An unidentified SOC referred to as
Unidentified A was observed in the CLLE sample of the Deep River,
also at 5-10 ug/l levels. This unidentified SOC was seen in
other samples analyzed by MS. Other SOCs were identified in the
Deep River samples at lower concentrations, as reported in Table
4-14. BHT and a series of phthalates are among the contaminants
seen in all CLLE samples, including the blanks (They are
relatively large, nonvolatile molecules, not analyzed for by
CLSA.) at greatly varying and inconsistent concentrations,
generally in the 2-20 ug/l range. For this reason, it was
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Table 4-14

PRELIMINARY SOC ANALYSIS OF THE
DEEP AND YADKIN RIVERS

Approximate Concentration (ug/1l)

. Deep River %% Yadkin River

SOC CLSA CLLE CLSA CLLE
1,1,1-Trichloroethane 0.03
Trichloroethene 0.07
1,2-Dibromoethane 0.08
Tetrachloroethene 0.25 0.5
1,1,2,2-Tetrachloroethane 0.5 0.1
Naphthalene 0.5
Toluene 5-10 5-10 0.4
Xylene (isomers) 0.5 0.05 2-4
C3-benzene (tri or ethyl-

methyl isomers) 0.05
Trichlorobenzene (isomer) >1
Unidentified A 5-10
Unidentified B 1-2
4-methyl-3-penten-2-one %% 20
Diacetone alcohol %% 10
Butylated hydroxy toluene (BHT) = yes yes.

Dimethyl phthalate * "

Diethyl phthalate * " . "
Dibutyl phthalate * " "
Diethylhexyl phthalate * " "
Other unidentified phthalate * " "

*#*SO0Cs also present in blanks at varying levels
##S0Cs originating from the acetone (SOC spike solvent)

*#%Deep River samples were too heavily contaminated for good
analysis
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Table 4-15

SOC ANALYSIS OF SMITH RIVER WATER BY CLLE -
FIELDCREST WATER PLANT INFLUENT

Approximate Concentration (ug/l)

soc Smith A" Smith B Smith C
Phenol 1.0 0.8
Tris(chloropropyl)phesphate 0.8
Naphthalene 0.4
Xylene (dimethyl benzene, isomer) 2.0 2,3 2.5
C3-btenzene (tri or ethyl-methyl

isomer) 0.8, 1.8 1.4 1.6
Unidentified E 1.6 2.0 2.5
Unidentified F 2.0 1.5
N-(ethvl)-N-(phenyl)acetamid 1.5 1.5 4.0
1,3,3-Trimethyl-2-indolinone 2.0 5-8 6.0
Atrazine 0.6
Triazine pesticide (not Atrazine) 1.5
Cyclohexenol (isomer) %%% 20.0 1.5
2-Cyclohexenone ¥*%% 8.0 3.0
Cyclohexanone %% 15.0 1.5
4-methyl-3-penten-2-one ¥%# 6.0 25.0
Diacetone alcohol #%* 1.5 6.0
Butylated hydroxy toluene (BHT) * yes yes yes

"

Dimethyl phthalate *
Diethyl phthalate * " " "
Dibutyl phthalate * " " "
Diethylhexyl phthaltate ¥ " " "
Other (unidentified phthalate) * " " "

*SO0Cs also in blanks in varying levels

#*%S0Cs originating from the acetone (SOC spike solvent)
#%¥#50Cs that are extraction solvent artifacts

Fieldcrest Water Treatment Plant Influent, 5/3, 5/15, and
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Table 4-16

SOC ANALYSIS OF SMITH RIVER WATER BY CLSA -
FIELDCREST WATER PLANT INFLUENT

Approximate Concentration (ug/l)

SOC Smith A Smith B Smith C
Tetrachloroethene 0.02 0.05
Naphthalene 0.04 0.03
Toluene 0.1 0.15 0.2
Xylene (isomers) 0.07 0.05,0.1,0.5
C3-benzene (tri or ethyl-

methyl isomer) 0.1 0.1
Trichlorobenzene 0.1 0.05 0.1
Benzonitrile 0.03
Unidentified A 0.07 0.05
Unidentified C 0.2 0.2 0.15
Unidentified D 0.5 1.0

Fieldcrest Water Treatment Plant Influent, 5/3, 5/15, and 6/10/85
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difficult to estimate the amount of these SOCs present in the
different water sources.

The Yadkin River water was very clean, with few SOCs
present. One of the xylene isomers was identified at 2-4 ug/l,
and an SOC referred to as Unidentified B was present at 1-2 ug/l.
Other than those two SOCs, ng/l levels of four other SOCs were
found. A larger number of SOCs was identified in the preliminary
study of the Smith River water than in the Deep and Yadkin River
studies (Tables 4-15 and 4-16). A total of 15 different SOCs
originating in the water sample were identified by CLSA and CLLE.
The concentrations ranged from 40 ng/ to 2 ug/l. The main
contaminants included phenol, a xylene isomer, a C_,-benzene
isomer, a triazine (not atrazine), N—(ethyl)-N-(ph%nyl)-
acetamide, 1,3,3-trimethyl-2-indolinone, and a compound referred
to as Unidentified E. Unidentified E is an SOC which had been
frequently seen in studies of the Haw River, North Carolina but
has not been identified (Dietrich et al., 1983). All of these
SOCs were present in the 1-2 ug/l range.

4-3-C., Solvent Artifacts.

Two SOCs identified at 10-20 ug/l levels in the SOC spiked
Yadkin River CLLE samples were acetone dialcohol and 4-methyl-3-
penten-2-one. These two compounds were present only in other
CLLE samples spiked with SOC standards and are attributable to
the acetone in which the SOC standards were dissolved. Both can
be formed from acetone by the base or acid catalyzed aldol
condensation (Lin et al., 1981, pp. 861-906):

tHy 9
OH—?-CHZ-C—CH3
CH3 .
C ﬁ OH- Diacetone alcohol
CH3—C—CH3 + CH3—C-CH3
OH-
CH
'_3 f
CH3-C—CH-C—CH3 + HZO

4-methyl-3-penten-2-cne
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These acetone artifacts were also seen in other CLLE
samples. This could be due to the pH change done in the CLLE
extraction which may have catalyzed the reaction, or it could be

related to the "reaction chamber" characteristics of the Kuderna-
Danish concentration step.

In the Smith A CLLE samples and other CLLE samples,
additional solvent artifacts were identified. These artifacts
were related to the extraction solvent (methylene chloride) and
not acetone. The artifacts are a cyclohexenol isomer, 2-
cyclohexenone and cyclohexanone. These SOCs are present at
significant levels, dominating the chromatograms at
concentrations that would be equivalent to 10-20 ug/l in the
original water samples. These artifacts originate from
cyclohexene, which is a preservative in methylene chloride. 1In
the 250 ml of methylene chloride used for extraction there is
about 4000 ug of cyclohexene preservative. During extraction and
concentration, some of the cyclohexene artifacts are formed. For
chlorinated water samples, chlorinated artifacts from the
cyclohexene are often formed. These observations led to some
experiments in which the artifact formation theories were
verified. From chlorinated water samples, for which methylene
chloride was used as the extraction solvent, large amounts of
chlorinated cyclohexanol and chlorinated cyclohexane were seen in
the final analysis. When the same water was dechlorinated before
extraction, the chlorinated cyclohexene artifacts were not seen.
When the same water was extracted with diethyl ether (which has
no cyclohexene preservative), none of the chlorinated or
nonchlorinated cyclohexene related artifacts were found.

4-3-D. An In-Depth Survey of the Smith River.

The quantity and diversity of the SCCs found in the Smith
River during the preliminary study made it the most suitable for
further study. The Deep River site was too heavily contaminated.
by wastewater related constituents, and the Yadkin River site was
too clean. The results of the SOC analysis of the Water _
Treatment Plant influent for each of the three sampling dates are
presented in Tables 4-15 and 4-16. The results of the SOC

analysis of the four sources analyzed on the last sampling date
are presented in Tables 4-17 and 4-18.

The source water (collected about 1500 feet downstream of
Philpott dam) was very clean, with no SOCs identified by CLLE and
only 6 identified by CLSA at very low concentrations. The
upstream sample (collected about 3 miles downstream from
Martinsville, near the Virginia-North Carolina border) was
unfortunately sampled 12 hours after the supposed peak
contamination concentration had passed that point, but
nevertheless, a fairly large number of SOCs were identified at
elevated concentrations. The CLSA analysis showed 7 SOCs, all at
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SOC ANALYSIS OF

S0

Tetrachloroethene

Xylene (isomers)

FOUR

C3-benzene (tri or ethyl-

methyl isomer)

Unidentified E
Unidentified

"l’j

N-(ethyl)-N-{phenyl)-acetamid

1,3,3-Trimethyl-2-indolinone

Triazine pesticide (not atrazine)

3,3,3-Trichloropropene

2-Cyclohexenone %
Cyclohexanone %%
Dichlorocyclohexane #%%3%

<&
't

Cyclohexenol (isomer) %%

L-Methyl-3-penten-2-one *%

v}

Dizcetone alcohol #%

Butylated hydroxy toluene

(BHT) *
Dimethyl phthalate *
Diethyl phthalate *
Dibutyl phthalate *
Diethylhexyl phthalate *

Other unidentified phthalate *

Table 4-17

SMITH RIVER WATER BY CLLE -
SAMPLING POINTS

Approximate Concentration (ug/1l)

'.
Source Upstream Influent Finished

1.0
2.5 2.5 1,4
2.5 1.6 1.5
1.5 2.5 5.0

1.5
2.5 4.0 4.0
3.0 6.0 6.0

1.0

12.0
6.0
2.0
3.0
10.0
25.0 2.0
6.0 3.0
yes yes yes' yes

#S0Cs also present in blanks in varying levels
#%#50Cs originating from the acetone (spike solvent)
*¥%¥%¥50Cs that are extraction solvent artifacts

Sampling date: 6/10/85
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Table 4-18
SOC ANALYSIS OF SMITH RIVER WATER BY CLSA -
FOUR SAMPLING POINTS

Approximate Concentration (ug/1)

'0

SO0C Source Upstream Influent Finished
Bromodichloromethane 0.2
Dibromochloromethane 0.2
Dichloroiodomethane 0.3
Tetrachloroethene 0.2 0.2 0.05 0.08
Napthalene 0.1
Toluene 0.05 0.1 0.2 0.4
Xylene (isomers) ~ 0.05 0.1 0.5,0.1,0.5 1,4,20
C3-benzene (tri or ethyl-

methyl isomer) 0.04 0.05 0.1 0.05,0.
Trichlorobenzene (isomer) 0.15 0.1 0.1
Benzonitrile 0.1 0.03 0.1
Benzaldehyde 0.1

Chlorodimethyl benzere
(isomers) 0
Dichlorobenzene (isomer) 0.1

Hexachloropentadiene 0

Unidentified
Unidentified
Unidentified
Unidentified
Unidentified

jssl D Nw N R4
O
o
w

Sampling date: 6/10/85
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fairly low concentration levels. The CLLE analysis of this
upstream sample showed relatively "high" concentrations (1-3
ug/l) of a xylene isomer, a C3—benzene, a triazine (not
atrazine), N(ethyl)-N(phenyl)=acetamide, 1,3,3-trimethyl-2-
indolinone and Unknown E. The latter three socs turned out to be
significant pollutants in all the Smith River analyses, except
the sample from the river source. These concentration levels may
not necessarily be considered high and are substantially below
the levels thus far discussed as possible future maximum
contaminant levels for the non-carcinogenic SOCs. Concentrations
of > 1 ug/l were higher than the levels of most other SOCs, and
therefore, this concentration is designated as "high."

In the plant influent (Tables 4-15 and 4-16), a total of 10
SOCs were identified by CLSA and 11 SOCs by CLLE (disregarding
the acetone and methylene chloride artifacts). Unidentified C,
Unidentified D, and xylene were the most significant pollutants
identified by CLSA at concentrations up to 1 ug/l. By CLLE, the
most significant pollutants were the three reoccurring major
Smith River pollutants (with 1,3,3-trimethyl-2-indolinone having
the highest concentration at up to 8 ug/l), and xylene and C3-
benzene were in the 1.5-8.0 ug/l range. Another unknown,
Unidentified F, was present at 1.5-2.0 ug/l on two of the three
sampling dates in the plant influent.

The finished treated water showed significant and
unexpectedly high levels of SOC pollution. Figures 4-18 and 4-19
show typical GC chromatograms of CLLE and CLSA analysis of
Fieldcrest Water Treatment Plant finished water. The CLSA
analysis identified 18 SOCs, mostly at low concentrations. Three
trihalomethanes were identified at 0.2-0.3 ug/l levels, and 8
other SOCs were found at low levels (0.05-0.15 ug/l). At higher
concentrations, toluene (0.4 ug/l), Unidentified G (0.5 ug/l),
Unidentified H (1.0 ug/l), and a xylene (1 ug/l) were found. Two
other xylene isomers were found at high levels by CLSA (4 0 and
20 ug.l respectively), which incidentally, is a 40 fold increase.
for all three xylenes over their concentration in the plant
influent. By CLLE, 7 SOCs were identified in the finished water
(other than the solvent artifacts). This included the three
major Smith River contaminants seen by CLLE (at 4-6 ug/l), 3,3,3-
trichloropropene (12 ug/l), a C,-benzene (1.5 ug/l), 1,1,2,2-
tetrachlorcethane (1 ug/l), and two xylenes (1 and 4 ug/l).

When comparing the plant influent and finished water, it is
evident that the treatment process does not adequately remove the
SOCs present. Additionally, trihalomethanes (THMs) were present
in the finished waste and not in the influent. These THMs are
most likely disinfection byproducts formed during the water
treatment process. For a few SOCs and for xylene in particular,
the concentration is hlgher in the effluent than in the influent.
3,3,3~ trlchloropropene is present at a high concentration (12
ug/l) in the finished water but not at all in any other sample.
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Figure 4-19

Fieldcrest WTP Finished - CLSA












































































































